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The Réle of Nutrition in Equine Periodic Ophthalmia 


MAJOR T. C. JONES, V.C., MAJOR FRED D. MAURER, V.C.., 
and LIEUT. THOMAS O. ROBY, V.C. 


Front Royal, Virginia 


AN EARLIER report’ included the statement, 
‘until some experimental evidence is devel- 
oped to indicate that the contrary is true, 
we are forced to conclude that nutrition 
plays no major role in periodic ophthalmia.” 
This statement was based upon a critical 
study of the literature. In the present re- 
port, evidence that nutrition may play a 
vital réle in periodic ophthalmia will be 
presented. 

Early in 1943, an increase in cases of 
periodic ophthalmia was observed at the 
Front Royal Remount Depot. In the par- 
ticular groups involved, the animals had 
een maintained in areas practically devoid 

grass for as long as two years. They 
ad been fed liberally upon a ration con- 
isting of oats, corn, timothy hay, and oc- 

‘sionally including alfalfa hay and bran. 
lost of these animals were in excellent 
‘sh. Attacks of iridocyclitis were fre- 
iently of long duration and lesions in the 

rnea were unusually severe. Further, 
veral animals were encountered in which 
ne cornea was severely affected, but the 
is and structures posterior to it were 
ee of lesions. The corneal changes were 
inated by the appearance of many fine 
ood vessels in the stroma. These vessels 

‘tended from the limbus toward the cen- 
r of the cornea and in severe cases nearly 
‘ached the center. We have described! 


The authors are from the Veterinary Research 
iboratory, Army Remount Depot, Front Royal, Va. 
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corneal vascularization in cases of equine 
periodic ophthalmia, but this severe type 
had seldom been encountered previously. 
Studies. with the slit lamp and corneal 
microscope in our laboratory have since re- 
vealed that microscopic corneal vasculariza- 
tion is always present in periodic ophthal- 
mia and may also be found in some equine 
eyes prior to the development of irido- 
cyclitis. 

The initial effect of riboflavin deficiency 
in rats,? dogs,** and man*”* is the develop- 
ment of a characteristic vascularization of 
the cornea. In rats,'*"’ cataract may also 
follow prolonged deficiency under certain 
conditions. In horses, cataract formation 
is one of the end points in many cases of 
periodic ophthalmia. Corneal vasculariza- 
tion also occurs as we have indicated. These 
observations suggested that a deficiency of 
riboflavin or other nutritive factors might 
be concerned in the equine disease. Action 
was immediately taken to confirm or refute 
this hypothesis by experimental methods. 

The present paper will include a compari- 
son of the lesions of periodic ophthalmia 
with those of riboflavin deficiency in certain 
other species; a discussion of the réle of 
ascorbic acid in the ocular tissues; and the 
results of preliminary studies on the pres- 
ence of certain nutritional essentials in 
horse feeds. A subsequent report will be 
made upon other experiments in which 
horses were used, including the effect of 
modified rations. 
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Comparison of Ocular Lesions of Riboflavin 
Deficiency and Periodic Ophthalmia 


Experimental evidence relative to nutri- 
tional deficiencies in one species cannot be 
applied unreservedly to another species be- 
cause of differences in nutritive require- 
ments. The occurrence in nature of diets 
containing less than the minimum require- 
ment of more than one essential factor com- 
plicates the problem. Dietary preferences 
and habits also introduce variations. How- 
ever, when a nutritive element is required 
by two species, deficiencies of that element 
usually result in similar lesions in both 
species. This makes the comparison of ocu- 
lar lesions known to have a nutritive basis 
with the lesions of equine periodic ophthal- 
mia of great interest. 

After being maintained upon riboflavin 
deficient diets for varying periods of time, 
in addition to cessation of growth, un- 
thriftiness, and characteristic dermatitis, 
rats develop photophobia, epiphora, and 
ptosis in one or both eyes. These symptoms 
are found, upon examination with the cor- 
neal microscope, to be associated with pro- 
liferation of capillaries into the corneal 
stroma. These vessels are readily demon- 
strated by the India ink injection method 
of Bessey and Wolbach.? Capillary loops 
are seen extending from the anterior part 


of the superficial limbic plexus (fig. 3). 
Often they approach the center of the 
cornea (fig. 2). In section, these capillaries 
are seen to lie in the corneal stroma adja- 
cent to the epithelium (fig. 7). Apparently, 
interference with the metabolism of the 
cornea makes its normal avascular method 
of circulation inadequate, hence capillaries 
build into this tissue to provide a more 
adequate circulation. 

Recent reports of Totter and Day," A\l- 
banese and Buschke,'® and Buschke’® record 
the occurrence of corneal vascularization 
and cataract in rats maintained upon a 
synthetic diet deficient in tryptophane, an 
essential amino acid. Whether these lesions 
are related to those produced by riboflavin 
deficiency is not known. It is possible that 
both riboflavin and tryptophane take part 
in a single metabolic process, hence lack of 
either results in similar lesions. The rela- 
tionship of tryptophane to the problem 
under consideration is unknown. Clarifica- 
tion of this point must await additional 
experimental evidence. 

Bessey and Wolbach? have also reported 
the occurrence of corneal vascularization in 
animals maintained on diets deficient in 
vitamin A. This phenomenon also requires 
further exploration. 

In horses, capillaries also enter the cor- 
neal stroma in the earliest stages of pe- 
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Fig. |—Eye of horse. Photograph. Severe corneal vascularization associated with acute iridocyclitis. 
Note many engorged and branched blood vessels in the cornea. 


Fig. 2—Cornea of rat. x36. Extensive corneal vascularization associated with riboflavin deficiency. 

Limbic plexus and circular limbic vessels at left, capillaries project from them into the transparent 

part of the cornea. India ink injected into heart prior to destruction of rat. Cornea mounted flat, 
unstained. Army Medical Museum negative 78357. 


Fig. 3—Cornea of rat. x36. Early corneal vascularization associated with riboflavin deficiency. Note 
the single capillary loops extending into the transparent part of the cornea from the limbic plexus. 
Preparation same as for figure 2. Army Medical Museum negative 78360. 


Fig. 4—Cornea of horse. x8. Extensive corneal vascularization characteristic of equine periodic 


ophthalmia. This eye was in the quiescent stage. 


The limbus at the left is marked by the black 


pigmented zone. This section was prepared by mounting the formalin-fixed cornea flat, dehydrating 
in alcohol, and clearing in toluol. The vessels are brought out by covering the cornea with permount 
and omitting the coverslip. 


Fig. 5—Cornea of horse. x8. Corneal vascularization associated with periodic ophthalmia. Different 
point on limbus of same eye seen in figure 4. Preparation same as figure 4. 


Fig. 6—Cornea of horse. x8. Engorged and extensive corneal vessels in acute stage of periodic 
ophthalmia. The black crystalline masses at the end of the vessels are precipitated blood. Preparation 


same as in figure 4. 
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riodic ophthalmia. In the first acute attack, 
tiny corneal vessels may be seen by means 
of the unaided eye. In some cases, how- 
ever, they are not detectable unless the 
corneal microscope is used. In some, micro- 
scopic examination of the opposite eye, 
which is apparently free of lesions, will re- 
veal many tiny capillaries extending into 
the corneal stroma (fig. 5). At first, these 
vessels lie just under the corneal epithe- 
lium, but later they are also seen in deeper 
parts of the stroma. As the disease pro- 
gresses, corneal vascularization may be- 
come very extensive. Long, branched vessels 
may reach most of the area of the cornea 
(fig. 1). Corneal opacities, varying greatly 
in extent, are often associated with the 
vascularization. 

These severe corneal lesions in horses are 
most commonly associated with iridocyclitis, 
however, in some instances they may occur 
without involvement of the iris or ciliary 
apparatus. Such cases exhibit all the ex- 
ternal symptoms of the periodic ophthalmia 
syndrome (photophobia, ptosis, epiphora, 
scleral congestion, chemosis) but careful 
examination of the iris, vitreous and fundus 
reveals that these structures are free of 
lesions. The fluorescein test, described later 
in this paper, also indicates no increase in 
intraocular vascular permeability. We have 
observed several of these cases of vascu- 
larizing keratitis in which acute iridocy- 
clitis followed after a variable period 
(usually a month or more). It appears 
that this clinical picture represents an early 
stage of the periodic ophthalmia syndrome. 
In some cases these lesions may precede the 
typical acute attack of iridocyclitis, in 
others, no prodromal signs are observed. 


The lesions of recurrent iridocyclitis in 
the horse have been described.’ The ciliary 
apparatus of rats is much less complicated 
anatomically than that of horses. The 
ciliary processes in the rat are much 
fewer in number and are not as long or 
as convoluted. As a result, it is not ex- 
pected that inflammation of these struc- 
tures would leave as extensive lesions. We 
have observed marked congestion with ex- 
udation of serum and leucocytes from the 
iris (fig. 14) and ciliary body (fig. 15) of 
rats which are showing other signs of ribo- 
flavin deficiency. The predominating leuco- 
cytes are the same as seen in the equine 
disease; namely, lymphocytes, plasma cells, 
and monocytes. Allowing for differences in 
anatomy, this inflammatory process appears 
to be a counterpart of iridocyclitis in 
horses. 

Cataracts have been encountered in va- 
rious experimental conditions in rats.’ 
Lens opacities are seen in rats which have 
been maintained on diets low or completely 
lacking in riboflavin.'°'* Microscopic sec- 
tions of eyes of rats showing symptoms of 
riboflavin deficiency reveal various types of 
lens degeneration. The earliest changes are 
usually seen as vacuolated areas under the 
lens capsule (fig. 9). These areas become 
more extensive as the disease progresses. 
Deposits of leucocytes, fibrin and cell débris 
on the capsules are occasionally seen. These 
lesions are similar to the cataractous 
changes which occur in periodic ophthalmia 
(fig. 10). Lens opacities in the horse result 
from (a) deposition of opaque material 
(pigment from iris, leucocytes, free and 
organized fibrin) on the lens capsule as a 
result of inflammation and (b) degenera- 
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Fig. 7—Cornea of rat. x515. Note blood vessels (arrows) under the’epithelium. These are associated 
with riboflavin deficiency. Compare with figure 8. Army Medical Museum negative 78363. 


Fig. 8—Cornea of horse. 300. Note blood vessels (arrows) in the stroma. These vessels are a part 

of the periodic ophthalmia syndrome. In the early stages of the disease these vessels lie adjacent to 

the epithelium but are developed in the deeper layers of the stroma as the disease progresses. 
Compare with figure 7. Army Medical Museum negative 80195. 


Fig. 9—Lens of rat. x180. Vacuolation of subcapsular zone (arrow) associated with riboflavin 
deficiency. Compare with figure 10. Army Medical Museum negative 78362. 


Fig. 10—Lens of horse. xI80. Vacuolation of subcapsular zone (arrow) associated with equine 


periodic ophthalmia. Compare with figure 9. Army Medical Museum negative 78361. 
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tive changes in the substance of the lens 
(presumably due to metabolic derange- 
ment). Opacities due to (a) are encoun- 
tered early in periodic ophthalmia and pro- 
gression of the disease usually results in 
the degeneration mentioned in (0). In ex- 
tent, both types of lesion are highly vari- 
able. 

An ocular syndrome, which is character- 
ized by photophobia, burning sensations in 
the eyes, amblyopia (not corrected by ad- 
justment of refractive errors), conjuncti- 
vitis, and circumcorneal injection, has been 
described in man. When these cases are 
examined with the corneal microscope, pro- 
liferation of capillaries from the limbic 
plexus into the corneal stroma is revealed. 
The early symptoms of this condition are 
relieved promptly after administration of 
riboflavin. Sydenstricker and associates® 
have also described iritis in some such 
cases and cataracts in others. The histo- 
pathology of this condition in man, for ob- 
vious reasons, has net been thoroughly de- 
scribed but the clinical picture bears many 
striking resemblances to the equine periodic 
ophthalmia syndrome. 

Spies* has recently described ocular 
ariboflavinosis occurring naturally in four 
dogs. These dogs were owned by persons 
who were being studied for dietary de- 
ficiencies. The symptoms in these dogs were 
very similar to those described for man. 
These animals were showing indications of 
canine blacktongue as well. Administration 
of nicotinamide alleviated the blacktongue. 
Subsequent administration of riboflavin 
eliminated the ocular symptoms. 

We have observed a similar syndrome in 
rabbits. This phenomenon will be the sub- 
ject of a later report. 

To summarize, it appears that equine 
periodic ophthalmia has many characteris- 
tics which are common to certain condi- 


tions in rats, man, dogs, and perhaps other 
species. In these conditions, evidence indi- 
cates that riboflavin deficiency is the prin- 
cipal cause. This syndrome is initially 
characterized by photophobia, dimness of 
vision, epiphora, circumcorneal congestion, 
corneal vascularization, and corneal opaci- 
ties. Later, iridocyclitis with resultant pos- 
terior synechia, cataract, vitreous opacities, 
or retinal detachment may supervene. The 
occurrence of such strikingly similar syn- 
dromes in different species is of great in- 
terest and suggests a common etiology. 


B-Complex Vitamins in the Equine Ration 


Riboflavin, one of the vitamins of the 
B complex, is widely distributed in animal 
and plant cells. However, the quantity pres- 
ent in various plant and animal tissues is 
highly varied. Riboflavin is relatively heat- 
stable, water soluble, and is destroyed by 
light, especially when in solution.” It is 
found in abundant quantities in yeast, liver, 
and to a lesser extent in the leaves and 
stems of plants. Cereal grains contain 
smaller amounts. Analysis of various feed- 
stuffs commonly used in equine rations in- 
dicates wide variation in riboflavin content. 
Table 1 portrays the results of our assay* 
of feeds secured from various Army sta- 
tions throughout the United States. 

Table 1 also illustrates several facts about 
the distribution of riboflavin in feeds com- 
monly utilized by horses. Generally speak- 
ing, hays contain more riboflavin than do 
cereal grains, but wide variation occurs in 
the same type of hay. Bright colored, leafy, 
well-cured hay, cut before the plants are 


*The fluorometric method of Conner and Straub" 
was used for most tests. Each type of feedstuff 
was also assayed by the microbiologic method of 
Sneil and Strong’ and Landy and Dicken.” Rea- 
sonable agreement was obtained although the mi- 
crobiologic method generally gave slightly higher 
values. 
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Fig. 11—Iris of horse. x1000. Acute iridocyclitis, a part of the periodic ophthalmia syndrome. Note 
the edema and disorganization of the pigmented epithelium (a), mononuclear leucocytes (b) and 
edema spaces (c). Army Medical Museum negative 80/81. 


Fig. 12—Normal iris of horse. x1000. Note the orderly arrangement of the pigment in the epithelium 


(a) and in the stroma. 


Inflammatory cells are absent.. Compare with figure 1. 


Army Medical 


Museum negative 80180. 
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overmature, is generally higher in ribo- 
flavin than weathered, overmature, coarse, 
or stemmy hay. Riboflavin is present in 
greatest quantity in growing plant cells, 
hence hays having most leaves and im- 
mature stems contain the most riboflavin. 
Good quality alfalfa is usually high in this 
element, but inferior grades may be quite 
deficient. Concentrates such as oats, corn, 
and bran are consistently low in riboflavin. 
Linseed meal varies somewhat, apparently 
depending -upon methods used in its pro- 
duction. 


TABLE I—Riboflavin in Equine Feedstuffs (Fluorometric 
Assay Method) 


RIBOFLAVIN CONTENT 
Micrograms Micrograms Micrograms 


FEED per gram per gram per gram 
(low) (high) (avg.) 
Alfalfa Hay 2.96 12.60 7.92 
Timothy Hay 1.22 5.30 2.97 
Prairie Hay 1,12 4.52 2.68 
Grass Hay 1.86 5.51 3.78 
Wheat Straw 1.74 2.91 2.25 
Oats 0.93 2.15 1.40 
Corn, Yellow 1.16 2.81 1.75 
Wheat Bran 0.88 1.73 1.50 
Linseed Meal 2.04 4.65 3.26 


It is evident that a horse fed entirely on 
cured forage secures most of its riboflavin 
from roughage. If available roughage is 
low in this element, deficiency could occur. 
In the animal body, riboflavin is essential 
as a part of the enzyme systems that are 
concerned with intracellular metabolism. 
Thus, this vitamin is needed by tissue cells 
for the process in which proteins, fats and 
carbohydrates are converted into energy, 
cell growth, or deposited as fat. Increased 
dietary intake of protein, fats or carbo- 
hydrates logically increase the need for 
riboflavin. It has been shown that rats on 
a high fat diet?! have increased require- 
ments for riboflavin. Riboflavin has also 
been shown to be one of the elements re- 
quired by chicks for the synthesis of tissue 
fat and protein.2? Increased intake of the 
whole B complex, which includes riboflavin, 


has been reported necessary for good 
growth when the protein level of the diet 
is increased.** 

It appears that a ration high in carbo- 
hydrates, fat, or protein and low in ribo- 
flavin, would be out of balance. A ration 
low in both these nutritive elements and 
riboflavin would result in poor growth or 
loss of condition, but the proportion of 
riboflavin might be adequate for this less 
active metabolism. It is apparent that a 
ration high in concentrate without good 
quality roughage is apt to contain less than 
optimum amounts of riboflavin. This hy- 
pothesis would explain how lesions of ribo- 
flavin deficiency could occur in an animal 
that was in good physical condition. In 
our experience, more animals affected with 
periodic ophthalmia have been in good flesh 
(many were obese) than have been in poor 
flesh. The highest incidence has been ob- 
served in groups of animals on a high con- 
centrate ration. 

Other known members of the vitamin B 
complex have been considered in this study. 
Table 2 indicates the average amounts in 
typical equine feeds of good quality. The 
microbiologic method of Landy and Dicken” 
was used for the assay of all except thiamin 
in which case the fluorometric method of 
Conner and Straub'* was used. 

Table 2 reveals several points of inter- 
est. The concentrates, with the exception 
of wheat bran, are generally low in both 
riboflavin and nicotinic acid and high in 
pyridoxine. Thiamin is present in mod- 
erately high amounts in concentrates, but 
in roughage is less abundant. 


Ascorbic Acid in Ocular Structures 


The ascorbic acid content of the normal 
aqueous and vitreous is over twenty times 
as great as the content of the blood. Er- 
rington, Hodgkiss, and Jayne** have re- 


LEGENDS FOR ILLUSTRATIONS ON OPPOSITE PAGE 
Fig. 13—Normal rat iris. x1000. Epithelium at (a). 


Compare with figure 14. Army Medical Museum 


negative 80179. 


Fig. 14—Rat iris. 1000. 


the epithelium (a), mononuclear leucocytes (b) and the anterior lens capsule (c). 
Museum negative 80178. 


Iritis associated with riboflavin deficiency. Compare with figure 13. Note 


Army Medical 
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TABLE 2—B Complex Vitamin Content of Feedstuffs (Microbiologic Assay Method) 

RIiBo- NICOTINIC PANTOTHE- FOLIc 

FEFbD FLAVIN* THIAMIN AcID NIc ACID PYRIDOXINE AcID BIOTIN 

Yellow corn ............-. 1.99 5.83 21.5 4.42 118.1 0.54 0.072 
3.13 2.46 26.4 14.10 229.9 0.255 
2.42 0.185 13.1 3.52 47.3 4.19 0.031 
owns 6.50 1.11 24.2 6.00 66.0 4.64 0.02 
12.24 3.15 36.6 21.56 72.8 10.18 0.054 
3.67 9.50 127.0 23.00 85.6 2.94 0.089 
Brewers Yeoust 88.90 125.30 476.1 30.21 368.4 14.40 0.376 


*A slight discrepancy will be noted between these values for riboflavin and the values recorded in Table 
1. This variation is due to the different assay methods used. The microbiologic method for this vitamin 


ported that ascorbic acid is reduced in eyes 
with old lesions of periodic ophthalmia. 
Our work confirms that of Errington and 
associates, and further establishes that 
marked reduction in ascorbic acid occurs 
early in the acute stage of the disease and 
is lowest at that time. Ocular fluids of 
normal and affected eyes have been analyzed 
for their ascorbic acid content by the meth- 
od of Farmer and Abt.*° Results of these 
tests are portrayed in table 3. In periodic 
ophthalmia, changes in ascorbic acid con- 
tent are limited to the eye. This is illus- 
trated by table 4. 

The physiologic function of ascorbic acid 
is believed to include the maintenance of 
the intercellular matrix. One manifestation 
of ascorbic acid deficiency (as seen in 
scurvy) is increased capillary fragility and 
permeability (presumably due to defects in 
the intercellular substance of the capillary 
wall). Duke-Elder*® has postulated the in- 
traocular fluid as a dialysate of the blood, 
the capillary wall acting as the dialysing 
membrane. Later work’ indicates that the 
aqueous is probably a secretion of the cil- 
iary epithelium. Ascorbic acid in the ocular 
fluids may be partially responsible for the 
blood-aqueous barrier which maintains in- 
traocular tension and prevents indiscrimi- 
nate interchange of materials between the 
blood and ocular fluids.** Conversely, a low 
ascorbic acid content might easily permit 


gives slightly higher values than the fluorometric method. 


blood elements to enter the aqueous and 
vitreous. In equine periodic ophthalmia, 
intraocular vascular permeability is_ in- 
creased. This is easily demonstrated by 
means of a fluorescein test, developed in 
our laboratory. 


FLUORESCEIN TEST 


This fluorescein test is easily accomplished 
and has been found to be of value in studying 
eases of periodic ophthalmia, particularly 
those in the quiescent or prodromal stages. A 
solution of 10 per cent fluorescein is prepared 
by dissolving soluble fluorescein in physiologic 
saline, then autoclaved. Twenty to thirty cubic 
centimeters are injected intravenously. The 
eyes of the horse are observed in sunlight or 
under ultraviolet light for appearance of the 
dye in the aqueous. In sunlight the dye will 
appear green, under ultraviolet light it flu- 
oresces and appears yellow. In eyes in which 
iridocyclitis has occurred or is imminent, the 
dye will appear in the aqueous within five to 
ten minutes, often within one minute. In horses 
with one eye affected, the contrast between 
the two eyes will be striking, since no dye will 
appear in the aqueous of the normal eye. The 
dye stains all mucosae and other vascular 
structures for a short time. The dye is elim- 
inated unchanged with the urine. This test is 
without hazard ordinarily but fluorescein pro- 
duces photosensitization and severe symptoms 
can result if the animal is exposed to much 
direct sunlight. The hazard is greatly in- 
creased in gray or white horses. We observed 
generalized urticaria in a gray horse which 
was taken out into direct sunlight immediately 
after injection of the dye. The symptoms 
abated in a few hours after the horse was put 


LEGENDS FOR ILLUSTRATIONS ON OPPOSITE PAGE 


Fig. 15—Ciliary body of rat. 1000. 


Iridocyclitis associated with riboflavin deficiency. Note the 
presence of mononuclear leucocytes (a) and polymorphs (b). 


The ciliary epithelium is indicated 


at (c). Compare with figure 16. Army Medical Museum negative 80199. 


Fig. 16—Ciliary body of normal rat. 1000. Compare with figure 15. Ciliary epithelium is indicated 


at (c). 


Army Medical Museum negative 80182. 
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into the stable. This complication can be 
avoided by protecting the animal from sun- 
light for twenty-four hours after administra- 
tion of the dye. 


DISCUSSION 


As has been discussed by Errington,** an 
increase in intraocular vascular permeabil- 
ity could explain the lesions of iridocyclitis 
seen in equine periodic ophthalmia. Escape 


TABLE 3—Ocular Ascorbic Acid in Periodic 
Ophthalmia 


NORMAL 
AFFECTED EYES EYES 
ACUTE QUIESCENT AND 
STAGE OLD STAGES 
MG. PER MG, PER 
100 cc. 100 cc. 


2.092 


MG. PER 
100 cc. 


21.945 
21.83° 


FLUIDS 


Aqueous 7.85% 


Vitreous 8.444 


These are average figures based upon the indi- 
cated number of determinations: ‘Seven; #Four; 
‘Forty-eight ; ‘Forty-five; "One hundred twenty-six ; 
hundred twenty-two. 


of various elements of the blood (cells, 
plasma) into the fluids and tissues of the 
eye is a dominant feature of this type of 
iridocyclitis. It is true that the lesions are 
identical to those of acute inflammatory 
processes, but the primary conditions in 
this disease (one of which is reduction of 


blood elements than to others. Variations 
in degree of permeability could easily ac- 
count for variations in the amount and 
types of blood elements which are found in 
the affected eye. 

It is apparent that the functions of 
ascorbic acid in the eye are concerned in 
the periodic ophthalmia syndrome. While 
it is not evident whether the relationship 
is one of cause or effect, in either case it 
may be a vital relationship. Horses are one 
of the species of animals which do not re- 
quire a dietary source of ascorbic acid. 
Common equine rations (consisting of 
alfalfa, timothy, oats, corn) when fed to 
guinea pigs, result in death of these ani- 
mals from scurvy in a few weeks. Accord- 
ing to Errington,** feeding of ascorbic acid 
to horses does not increase its concentra- 
tion in the plasma. Intravenous injection 
results in a very transient increase in the 
plasma level. The horse uses ascorbic acid; 
the body contains large amounts; hence it 
may be synthesized by the horse from other 
elements of its ration. Further studies 
may clarify some of the points in question. 

It is possible, although by no means 
established, that in the horse the ocular 
ascorbic acid is synthesized by certain in- 


traocular tissues. The epithelium of the 
ciliary apparatus is believed to secrete the 


ascorbic acid) may also be common to acute 
inflammation. Some of the elements of the 


TABLE 4—Ascorbic Acid Content of Equine Tissues 


HoRSES WITH 
NORMAL EYES 
Ma. PER 100 cc. 


HORSES WITH PERIODIC 
OPHTHALMIA (ALL STAGES) 


ORGAN MG. PER 100 cc. 


Aqueous 

Vitreous 

Right Adrenal 

Left Adrenal 

Liver (2 determinations on each liver) 
Plasma 


19.33 (ave. 48 eyes) 
19.55 (avg. 48 eyes) 
193.50 (avg. 24 horses) 
195.10 (avg. 24 horses) 
28.70 (avg. 24 horses) 

0.79 (avg. 21 horses) 


0.94 (avg. 22 horses) 
8.36 (avg. 32 eyes) 
194.70 (avg. 19 horses) 
190.30 (ave. 19 horses) 
30.80 (avg. 19 horses) 

0.94 )avg. 22 horses) 


Note that in affected animals ascorbic acid is reduced in the ocular fluids but not significantly altered 


in other tissues, 

blood enter the ocular tissues and fluids 
during the acute stage; namely, leucocytes, 
plasma, and occasionally erythrocytes. As 
the acute symptoms abate, most of these 
are taken back into the blood stream, but 
some, especially lymphocytes and plasma 
cells, tend to remain (usually near blood 
vessels) during the quiescent stage. The 
vascular wall is less permeable to some 


aqueous. It is not unreasonable to hy- 
pothesize that this ciliary epithelium also 
produces the ascorbic acid found in the 
aqueous. Since riboflavin and nicotinic acid 
are essential components of respiratory en- 
zyme systems which are vital in intra- 
cellular metabolism, it follows that their 
presence in the ciliary epithelium may in- 
fluence the production of ascorbic acid. In 
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this connection it is of interest to consider 
the work of B. Sure and associates relative 
to the influence of various avitaminoses 
upon the ascorbic acid content of rat tis- 
sues.22 These workers found that ascorbic 
acid was reduced in thiamin, Vitamin A, 
and riboflavin deficiencies but not in pyri- 
doxine deficiency. The greatest reduction 
of ascorbic acid was observed in tissues of 
riboflavin-deficient animals. Certain -sub- 
stanees, especially glutathione, are present 
in the ocular fluids for the apparent pur- 
pose of retarding the oxidation of ascorbic 
acid. Such essential substances may be pro- 
duced in a similar manner by the ciliary 
epithelium. 

One working hypothesis explains the re- 
duction of ascorbic acid in the ocular fluids 
with resultant lesions of iridocyclitis. Since 
riboflavin and nicotinic acid are vital com- 
ponents of the respiratory enzyme systems 
of all tissues, a reduction in either of 
these factors would result in altered 
tissue function. Such a change in the tis- 
sues concerned in the synthesis of ascorbic 
acid (the ciliary epithelium, for example), 
would result in lowered production of ascor- 
bic acid with a resultant local deficiency. A 
second possibility is that there occurs a 
lowered output of substances, such as glu- 
tathione, whose function is to prevent the 
autoxidation of ascorbic acid. The end ef- 
fect would be a precarious and easily upset 
balance of ascorbic acid. This theory un- 
questionably over-simplifies a very complex 
physiologic process. It does, however, fur- 
nish a plausible explanation for phenomena 
vhich per se are baffling. Further experi- 
mental work is necessary to strengthen or 
lisprove this theory. 

While a dietary lack is the most common 
asis for vitamin deficiencies, it is by no 
neans the only cause of such deficiencies. 
‘ther factors may be important, especially 
n cases of marginal deficiency. Several 
nembers of the B complex are synthesized 
Yy microérganisms in the intestinal con- 
ents. Any change in the activity of these 
rganisms would affect the amount of avail- 
‘ble vitamins. Other factors, such as the 

‘mount and quality of the protein, fats or 


carbohydrates in the diet may be of im- 
portance in this problem. These factors 
are receiving considerable attention in our 
experimental protocols. 


SUMMARY 


A detailed comparison has_ revealed 
striking similarities between the lesions of 
equine periodic ophthalmia and those ob- 
served in riboflavin deficiency in experi- 
mental animals. Corneal vascularization, 
iridocyclitis, and cataracts are common le- 
sions encountered. The similarity of these 
lesions has suggested a common etiology. 
The B complex vitamin content of equine 
feedstuffs was determined and possible de- 
ficiencies discussed. The rdéle of ascorbic 
acid in the ocular structures was consid- 
ered. Analysis of equine tissues revealed 
a severe decrease of ascorbic acid in the 
ocular fluids in periodic ophthalmia. The 
most severe decrease occurred during the 
acute stage but persisted in a lesser degree 
during the quiescent stage. The depletion 
of ocular ascorbic acid is associated with 
increased intraocular vascular permeabil- 
ity which can be demonstrated by means 
of a fluorescein test. A working hypothesis 
is proposed to explain the lesions of equine 
periodic ophthalmia. It is suggested that a 
lack of certain dietary essentials (notably 
riboflavin) may influence the synthesis of 
ocular ascorbic acid, or its protecting sub- 
stances. This in turn may produce the 
lesions of periodic ophthalmia. The results 
of further experiments on horses are to be 
covered in a subsequent rey ort. 
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Granulosa Cell Tumor of a Bovine Ovary 


R. F. LANGHAM, M.S., D.V.M., and C. F. CLARK, D.V.M. 
East Lansing, Michigan 


GRANULOSA cell tumors of the ovary are 
mentioned infrequently in veterinary litera- 
ture. Kingman and Davis' reported a case 
in a Hereford cow. The tumor involving 
the left ovary weighed 23.5 lb., was ovoid 


nee 


Fig. |\—Granulosa cell tumor of right ovary. x!/5. 


n shape, and had a smooth but lobulated 
surface. On cut surface the tumor was 
yrayish in color, quite solid, and granular, 
vith several large soft areas containing a 
thin light brown exudate. Broad trabecu- 
ae were present in some portions of the 
srowth. Microscopically, the tumor showed 

diffuse growth of cells resembling the 
‘rranulosa cells of the normal Graafian fol- 
icle. Numerous connective tissue strands 
f varying thickness were interspersed 
‘throughout the tumor tissue. 


Published with the permission of the Director 
of the Michigan Agricultural Experiment Station as 
lournal Article No, 738, new series. 


From the Animal Pathology Section, Michigan 
Agricultural Experiment Station, East Lansing. 


Harvey, Dawson, and Innes? described 
four cases of granulosa cell tumors in 
calves. The tumors were yellow in color, 
somewhat cystic, and showed an alveolar 
arrangement of the tissue. 

The tumor has been described in text- 
books of human pathology.*:*® 

History.—The present report involved a 


Fig. 2—Two of the follicle-like structures showing: (¢) 

The stratified epithelium; (b) The granular material in 

the center; (c) Smaller follicle-like structure; (d) An 
artifact. x88. 


2-year-old Holstein-Friesian heifer, which 
was bred in the late winter of 1942-1943. 
She was examined per rectum in the spring 
of 1943 by a lay operator and was believed 
to be pregnant. With other heifers and 
dry cows of the herd, she was turned out to 
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pasture and observed infrequently during 
the summer. At the end of pasture season 
in 1948, she was again stabled with the 
herd. It was soon apparent that this heifer 
was not normal. Marked symptoms of 
nymphomania were noted such as elevation 
of the tail head, constant bellowing with 


Fig. 3—Higher power to show the character of the 
epithelium. x590. 


lowered tone of voice, and mounting other 
cows. 

The owners believed the case hopeless 
and slaughtered the heifer. On slaughter, 
the tumor described was seen and part of 
the genitalia was saved for examination. 

Gross Examination.—The cervix, uterine 

« horns, and right oviduct appeared normal. 
The right ovarian ligament was attached 
to a large mass, presumably the ovary, 
which was 18 by 14 by 8 cm. in size (fig. 1). 
This mass was well encapsulated, ovoid in 
shape, and considerably flattened. The 
blood vessels in the broad ligament were 
considerably hypertrophied and apparently 
were the sole source of nutrition to this 

neoplastic mass. On section, the cut sur- 


face appeared lobulated, soft in consisten- 
cy, and extremely vascular. 

No information about the left oviduct 
and ovary can be given as they were prob- 
ably left in the carcass by the butcher. 


Microscopic Examination.—This tumor 
was characterized by numerous, irregular 
follicle-like structures either’ spherical, 
ovoid, or cylindrical in shape. The follicles 
were lined with cells resembling those of 
the stratum granulosum of the ovarian fol- 
licle and varied from a layer of one to a 
layer of three or more cells in depth. The 
individual cells showed round or oval nuclei 
with light to medium nuclear membranes, 
and chromatin granules were medium to 
coarse with one or more nucleoli. The 


Fig. 4—Call-Exner bodies in the lumen of one of the 
follicle-like structures. x88. 


homogenous cytoplasm was scanty to abun- 
dant and stained bluish pink with hema- 
toxylin and eosin. 

The stroma was not abundant and con- 
sisted of many collagenous fibers, small 
numbers of fibroblasts, and congested capil- 
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laries. In some areas, there was a marked 
hyalinization of the stroma. 

The follicle-like structures contained a 
pinkish granular material. In some, there 
were several Call-Exner bodies consisting 
of groups of tumor cells in the form of 
rosettes, some of which had homogenous 


centers. 

The tumor cells, apparently, were able to 
secrete an estrogenic-like hormone which 
may have accounted for the nymphomania 
in the animal. 


TUMOR OF A BOVINE OVARY 
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IN THE COURSE of experimental studies car- 
ried out at the Beltsville Research Center, 
Beltsville, Md., on the nature of the infec- 
tion produced by Trichomonas foetus in 
heifers and cows, it was observed that 
initial infections are characterized by a 
rhythmic behavior of the Trichomonas pop- 
ulation in the vagina. More or less pre- 
dictable periods occur during which these 
organisms appear in large numbers in the 
vaginal mucus, alternating with periods 
during which the organisms are absent or 
markedly reduced in numbers. In Part I 
of this paper, detailed observations on 
seven initial infections and a hypothesis to 
explain the periodic fluctuations in num- 
bers of Trichomonas observed in typical 
initial infections are presented. In Part II 
the observations are applied to the problem 
of diagnosis. 


MATERIALS AND METHODS 


Seven females, none of which had been in- 
fected previously with T. foetus, were used in 
this study. Five (212, 215, 223, 224, 226) were 
virgin heifers; one (199) was a heifer which 
had been served twice by an uninfected bull, 
apparently without conceiving; and one (181) 
was a cow which had completed two normal 
pregnancies terminating in the birth of nor- 
mal calves, a single service by an uninfected 
bull having been required for the initiation of 
each pregnancy. 

Three infected bulls were used. Two (193, 
207) had been infected artificially by a method 
described elsewhere (Hammond and Bartlett’) ; 


This work was carried out at the United States 
Department of Agriculture, Beltsville Research 
Center, Beltsville, Md. 


From Zodélogical Division, Bureau of Animal In- 
dustry, Agricultural Research Administration, 
United States Department of Agriculture, Beltsville, 
Md. 


Pattern of Fluctuations in Numbers of Trichomonas Foetus 
Occurring in the Bovine Vagina During Initial Infections 


I. Correlation with Time of Exposure and with Subsequent 
Estrual Cycles 


DATUS M. HAMMOND, Ph.D., and DAVID E. BARTLETT, D.V.M. 
Washington, D. C. 
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the third (208) had been infected while in the 
herd from which he was obtained. Up to the 
time these bulls were first used in the present 
study, they had harbored their infections for 
five months, one month, and more than two 
and a half years, respectively. Bull 193 and 
bull 208 had transmitted trichomoniasis to sus- 
ceptible females prior to the work reported 
here; both have subsequently transmitted this 
infection. Bull 207 was first used, shortly 
after being infected, in this series of experi- 
ments. 

In order to establish the initial infections 
involved in this study, 5 of the females were 
served once by infected bull 207; 1 (226) was 
served twice by infected bull 207; and 1 (181) 
was served once by infected bull 193. Follow- 
ing the infections thus established, 5 of the 
females were served one or two additional 
times by either infected bull 207 or infected 
bull 208; during or following the first infec- 
tion 5 were served either once or twice by 1 
or 2 uninfected bulls. 

All females were examined routinely for 
Trichomonas. Vaginal samples were collected 
as follows: Prior to the exposure, in the case 
of 3 females (181, 212, 215) that were born 
at the Beltsville Research Center, samples 
were taken at weekly intervals beginning at 
the time of puberty; in the case of the other 
4 (199, 223, 224, 226), purchased as immature 
virgin heifers from Trichomonas-free herds, 
examinations were made weekly for at least 
four months. In general, from the date of 
first exposure to at least two months after the 
last positive sample had been obtained, or sub- 
sequent coitus had occurred, samples were 
taken daily except on most Sundays; there- 
after, in some cases, samples were collected 
weekly. The records of individual samples 
taken from the several females are shown in 
the tables. The samples were obtained by 
glass vaginal pipettes similar to that de- 
scribed by Andrews and Miller,? a sterile 
pipette being used for each sample. Approxi- 
mately 7 cc. of a sterile 0.7 per cent solution 
of sodium chloride was injected into the va- 
gina and the washings immediately aspirated 
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therefrom. The amount of material obtained 
varied from 2 to 8 cc., except during proes- 
trum, when it was slightly larger, and at 
estrum when it was often increased to 15 to 
20 ec. or more. The samples were expelled 
from the pipettes into test tubes and, after 
one to three hours of sedimentation, ex- 
amined microscopically, in accordance with the 
method previously described by Hammond and 
Bartlett.® 

The concentration of Trichomonas in sam- 
ples found to be positive was estimated from 
counts, after thorough mixing of the sample, 
made with the aid of a hemacytometer. Count- 
ing proved to be difficult in some samples con- 
taining large numbers of active Trichomenas, 
because of the tendency of the organisms to 
become aggregated. By adding 1 part of abso- 
lute alcohol to 9 parts of such a sample, par- 
tial inactivation and consequently a more even 
distribution of the organisms in the counting 
chamber were obtained. Positive samples on 
which the hemacytometer count was negative 
were considered to have less than 500 of the 
Trichomonas per ec. Since no correlation could 
be established between the size of sample and 
concentration of Trichomonas, the estimates of 
the latter by means of the hemacytometer can 
be considered as comparable measures of the 
total Trichomonas populations represented by 
the respective samples. 

The occurrence of estrum was observed di- 
rectly in most cases—the females being under 
almost continual observation from 8:00 a.m. 
to 4:30 p.m. each day—by the characteristic 
behavior, which involves excitement, lowing, 
discharge of clear mucus -from the vulva, 
“riding” other females, willingness to stand 
while other females performed mock coital 
movements, and willingness to accept a 
male. In a few cases in which estrums were 
expected but were not actually observed—as, 
for examples, estrums occurring at night or 
the so called “silent heats” or “quiet heats”— 
ithe collection of a bloody sample, which is in- 
licative of postestrual hemorrhage, was con- 
idered as evidence that an estrum had oc- 
‘urred two or three days previously. Estrums 
hus calculated are so noted in the tables that 
follow. 


RESULTS 


The results are presented in tables 1 to 

in which the numbers of Trichomonas 
er cubic centimeter of sample are recorded 
‘or individual samples collected following 
xposure. These results, together with 
dditional observations, are summarized as 
llows: 

1) Incidence of Transmission of Infec- 
ion.—Six females became infected as the 


result of single exposures through service 
by infected bulls, and 1 female (226, table 
5) first became infected upon being ex- 
posed the second time. 


2) Return to Estrum Following Ex- 
posure.—The first estrum following the 
service which resulted in infection occurred 
on the nineteenth to thirty-second (average 
= 25th) day. The return to estrum was 
delayed in 3 cases long enough to justify a 
suspicion of a pregnancy having occurred 
and having been terminated. Female 181 
(table 7) returned to estrum on the thirty- 
second day; female 212 (table 2) on the 
twenty-ninth day; and female 224 (table 4) 
on the twenty-seventh day. With a few ex- 
ceptions, subsequent estrual cycles followed 
in more or less regular fashion. (A com- 
parison of the variation on a larger series 
of animals in the number of days between 
estrums in the same and different females 
before, during, and after infection, will be 
made in another paper.) During the infec- 
tion, and for a variable period of time 
thereafter, the females did not become rec- 
ognizably pregnant when bred to either 
infected or uninfected bulls. 


3) Duration of Infection.—Trichomonas 
was first found on the sixth day following 
service in 2 females (224 and 226), on the 
seventh in 1 (212), on the eighth in 1 
(199), on the tenth in 2 (223 and 181), 
and on the eleventh in 1 (215). Following 
the first return to estrum, the infection 
persisted through two estrual cycles in 2 
females (212, 226—tables 2 and 5) ; through 
three cycles in 2 females (199, 25—tables 
1 and 3); and through four cycles in 3 
females (181, 223, 224—tables 7, 6 and 4). 
The last positive examination of the initial 
infection occurred on the 72nd day follow- 
ing service in female 226, 76th in 212, 79th 
in 215, 91st in 199, 100th in 224, 102nd in 
223, and 126th in 181. The average inter- 
val from first to last positive examination 
was eighty-four days, from the eighth to 
the ninety-second day following service. 

4) Periodic Behavior of the Trichomo- 
nas.—Following the coitus at which trans- 
mission occurred, the parasites first ap- 
peared in the vaginal samples in relatively 
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small numbers. A rapid increase occurred 
over a period of three to four days. This 
was followed by periods during which they 
were found in more or less uniformly high 
numbers. The periods for the different fe- 
males began from the eighth to the thir- 
teenth day and continued to the sixteenth 
to the twenty-fifth day following exposure. 
There was a marked decrease in numbers 
thereafter, but the Trichomonas did not 
disappear from the vagina in any case up 
to the day of first return to estrum. In all 
cases, they were present in the vagina in 
appreciable numbers between the twelfth 
and the nineteenth day following trans- 
mission. 

During the remainder of the infection 
there was a characteristic pattern. of fluc- 
tuation in numbers of Trichomonas in each 
estrual cycle. The organisms were either 


absent from, or present in low numbers in, 
the vagina during the early portion of the 
cycle, but large numbers were present in 
the late portion of the cycle, immediately 
were 


preceding the next estrum. They 


TABLE I|—Female 199. Record of Examinations During Initial Infection (age when infected: | year, 10 month:; 
reproductive status: nullipara*) 


J. Ver. Res. 


usually present in low numbers in the early 
portion of the first cycle subsequent to first 
return to estrum, while in the following 
cycles in nearly all cases Trichomonas could 
not be demonstrated in the early portion of 
the cycle. The duration of the period, at 
the beginning of which large numbers of 
them suddenly appeared in the vagina, 
ranged from two to thirteen days and, in 
the majority of instances, it lasted three 
to seven days. In some instances, the posi- 
tive period extended into the day of estrum 
(10 of 17 samples positive). There was 
usually no marked tapering off of the in- 
fection; at its conclusion, organisms simply 
failed to appear in the late portion of the 
cycle and could not again be demonstrated 
in the animal in question. 

Five of the seven females followed the 
previous pattern closely throughout the en- 
tire course of their infections; two de- 
viated somewhat. Female 215 did not have 
organisms in the vaginal samples preceding 
the second “subsequent estrum” (see table 
3), although they were present in smal! 


NUMBER OF T. 


FoETUS (IN THOUSANDS PER CC. OF SAMPLE) IN VAGINAL SAMPLES ON THE 


DAY OF AND Days FOLLOWING SPECIFIED ESTRUMS: 


Days ESsSTRUM 
ESTRUM EXPOSURE Ist 2ND 
0 (Estrum) 40 
1 0 a6 0 
2 0 + 0 
3 0 + 0 
4 0 op 0 
5 0 + 0 
6 0 ibe 0 
7 10 
8 10 10 0 
9 40 15 
10 205 12 0 
11 250 10 0 
12 200 8 0 
13 200 10 0 
14 290 5 
15 270 0 
16 300 5 0 
17 7 0 
18 60 200 0 
19 70 0 
20 60 44 0 
21 13 
22 30 140 
23 


bo 
we 
oc 


_SUBSEQUENT ESTRUMS 


3RD 4TH 5TH 6TH 7TH STH 
0 
0 0 t 
v0 
0 0 i © 
0 0 13 
‘ 0 
0 0 | 
0 0 
0 0 
0 
0 0 | 5 
0 0 |S 
0 | 
0 0 
0 0 4 
0 0 = 
0 
0 0 
0 . 


*Had been served on two previous occasions by uninfected bulls; no evidence of pregnancy followed 


either of these services. 
“Served by infected bull 207. 
82Served by uninfected bull 214. 
Served by uninfected bull 210. 


+Estrum not observed. Calculated as occurring two days before hemorrhage. 
tAfter this date, examinations made on each week day for seven weeks and then weekly through the 
gestation and post partum periods. No T. foetus found. 


+Trichomonas present; too few to count. 
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arly numbers on the second day before and on _ only slight locomotion or none at all. Those 
irst the day of the third estrum, and on the day found immediately after estrum were in- 
ing before and the day of the fourth estrum. active, and samples taken at this time 
uld Female 223 followed the pattern up to and usually contained considerable thick mucoid 
1 of including the second “subsequent estrum” material and leucocytes. 

at see table 6), but no organisms occurred 
of in the samples preceding the third estrum. DISCUSSION 
ina, Positive samples occurred at about the Among experimentally produced initial 
in middle of the cycles preceding the fourth trichomonas infections reported in the 
ree and fifth “subsequent estrums” and did not literature, there are a few, such as those 
)si- continue to the time of estrum. reported by Beller et al,,*° and Kerr,® in 
um The individual Trichomonas was vigor- which the course of infection differs from 
was ously motile and relatively slender during that characteristic for the infections de- 
in- the first part of the first positive period. scribed in this paper in at least one of the 
ply The first positive samples were clear, but following respects; namely, (a) Tricho- 
the successive samples were progressively more monas did not appear in the vagina until 
ted turbid, due chiefly to an increased number’ several weeks or months following ex- 
of leucocytes. The organism became less posure, and (b) pregnancy proceeded either 
the active and less slender with the drop in uninterrupted or was terminated by Tricho- 
on- numbers immediately before the onset of monas abortion during the 2nd to 5th 
Je- estrum. In the majority of samples col- month. Excessively long prepatent periods, 
ve lected on the day of estrum, they showed indicative of uterine infection without a 
ng 
ble TABLE 2—Female 212. Record of Examinations During Initial Infection (age when infected: | year, 5 months; 
all reproductive status: virgin) 
NUMBER OF T. FoETUS (IN THOUSANDS PER CC. OF SAMPLE) IN VAGINAL SAMPLES ‘ON THE 
DayY OF AND DAYS FOLLOWING SPECIFIED EstTRUMS: 
EsTRUM EXPOSURE ist 2ND 3RD 4TH 5TH 6TH 
0 (Estrum) Os 3s 5s3 oss 
1 7 0 0 0 
2 0 0 as 
. 3 ee 0 0 0 0 
nH 4 0 + 0 0 0 
- 5 0 1 0 0 0 
6 0 150 BA 0 0 
7 + ‘+ 0 0 0 
240 0 0 0 
9 45 14 0 ee o's 
10 480 60 0 0 0 
; 11 270 84 0 0 0 
12 115 50 0 0 0 
13 860 15 = 0 0 
14 620 z 0 0 
15 ae 1500 0 0 
16 250 2250 0 oa 
17 70 1800 0 0 
18 40 2160 1000 0 
19 140 3500 500 
20 140 1440 100 
21 180 x + 
22 10 
23 140 1700 
24 7 25 
25 5 
26 10 
27 15 
28 7 
‘Served by infected bull 207. 
dd **Served by uninfected bull 214. 
Served by uninfected bull 214. 
“Served by infected bull 207. 
Served by infected bull 207. 
+Trichomonas present; too few to count. E 
*After this date, examinations made on each week day for a period of ten weeks, then female 212 was 
8 again served by infected bull 207; from this service a successful pregnancy resulted. Following the serv- 
ice, examinations made each week day for five weeks; thereafter, once each week through the gestation 
and post partum periods. No T. foetus found. 


} it 
| 
| 


88 DATUS M. HAMMOND AND DAVID E. BARTLETT 


Am. J. VET. Res. 


preceding vaginal infection, and pregnan- 
cies apparently unaffected by infection have 
not been observed by the present writers in 
females undergoing initial infections; they 
have been encountered only in females that 
had had one or more previous infections. 
At the Beltsville Research Center, all the 
initial infections induced by coitus with 
infected bulls (23, including the 7 de- 
scribed in this paper) that have been 
studied in the experimental herd of the 
Zoblogical Division have been characterized 
by (a) the appearance of Trichomonas in 
the vagina approximately a week after ex- 
posure and (b) either early return to 
estrum or development of pyometra. In the 
cases of the 7 initial infections studied in 
the present work, the females returned to 
estrum three to five weeks post coitum and 
their estrual cycles continued subsequently. 
It is difficult to account for the differences 
in results obtained by Beller et al., and by 
Kerr as opposed to those obtained by the 
present writers simply on the basis of va- 
riation in susceptibility since previously 
uninfected females were used in all cases. 
It is possible that these differences may 
have resulted from the fact that the sources 
of trichomonas employed for initiation of 
infection were different. Beller et al. 
initiated infections by intravaginal inocu- 
lation of Trichomonas cultures or vaginal 
washings from infected females. Kerr 
initiated infections by intravaginal inocu- 
lation of cultures of T. foetus preceded by 
coitus with an infected bull, or, by coitus 
with a bull that had received an injection 
of culture intrapreputially less than five 
days preceding service. As previously indi- 
cated, well established infections in bulls 
provided the Trichomonas, transmitted at 
coitus, for all the infections studied in the 
Zoélogical Division experimental herd. 

A number of workers have made general 
observations concerning the intermittent 
occurrence of Trichomonas in vaginal sam- 
ples during the course of infection, and the 
tendency for it to appear in relatively large 
numbers around the time of estrum. Kerr® 
found that organisms occur sporadically 
during infections but did not note any def- 
inite relationship with the estrual cycle. 


Rees and Garlick’ reported that during an 
infection, there were periods when ali 
examinations were positive, alternating 
with periods when they were negative. 
Rees and Garlick pointed out that, as a 
rule, estrum occurred near the close of the 
period of positive examinations. Kiist® and 
Mdller® noted that in most cases these or- 
ganisms were found shortly before, during, 
and after estrum, but were often absent in 
the intervening periods. Stazzi'® reported 
that samples were more often positive when 
taken at the time of estrum. The Ministry 
of Agriculture and Fisheries of Great 
Britain" states that the time most favor- 
able for examination appears to be during 
estrum, some workers preferring the begin- 
ning of estrum and others the second day. 
Gould’? observed that it is usually com- 
paratively simple to demonstrate Tricho- 
monas in the discharge which is usually 
most profuse about three days before the 
cow manifests symptoms of return to es- 
trum, but during and after estrum it be- 
comes increasingly difficult or impossible 
until estrum is again approaching. The 
results of Gould and those of the present 
study are in general agreement with re- 
spect to the time of appearance of Tricho- 
monas in the vaginal samples as related to 
the estrual cycles that occur subsequent to 
the first return to estrum. 


RESISTANCE HYPOTHESIS 


The following hypothesis is presented in 
an attempt to explain the periodic appear- 
ance and disappearance of Trichomonas in 
vaginal samples: 

In previously uninfected females, the va- 
gina, cervix, and uterus are susceptible to 
infection. Immediately following exposure, 
the Trichomonas ordinarily begin to multi- 
ply in the vagina, either with or without 
concomitant infection of the uterus. This 
early vaginal infection induces a resistance 
in the vagina in the course of two or three 
weeks; the latter organ then no longer sup- 
ports the multiplication. The infection in 
the uterus, however, whether initiated at 
the time of exposure or subsequently as the 
result of an invasion of organisms from 
the vagina, persists beyond that of the 
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vagina and cervix, a longer time being re- 
quired to render the uterus resistant. The 
occasional discharge into a resistant vagina 
of material from an infected uterus ac- 
counts for the periodic appearance of 
Trichomonas in vaginal samples in the later 
stages of infection. 

The following interpretations of our ob- 
servations are offered in support of this 
hypothesis: 

1) During the early portion of an infec- 
tion in the female, the behavior of the 
Trichomonas population in the vagina is 
typical of that of a short-lived infection 
which results in the development of resist- 
ance on the part of the parasitized organ. 
Immediately following a short prepatent 
period, the number of organisms rises rap- 
idly for several days; they are relatively 
abundant during the third week following 
exposure; and they decrease in numbers 
thereafter, the drop occurring, in the infec- 
tions reported here, about three weeks fol- 
lowing transmission. 

2) During the later stage of an infec- 
tion, the periodic appearance and disappear- 
ance of Trichomonas in the vaginal samples 
are suggestive of uterine rather than va- 
ginal infection. Preceding the later estrums, 
the organisms make their appearance sud- 
denly in large numbers, there being no 
visible initial period of rise in parasite 
population. It is inconceivable that the 
multiplication required to produce such 
large numbers of Trichomonas could take 
place in the vagina without being detected 
by daily sampling. The source of the or- 
vanism must, therefore, be the uterus. An- 
drews and Miller,?, Madsen and Jensen,'® 
and the present writers have observed the 
discharge through the cervix of pus con- 
taining Trichomonas. In cases observed by 
the writers, vaginal specimens collected im- 
mediately following the discharge of pus 
‘hrough the cervix contained several million 
rganisms per cubic centimeter. A few days 
later, presumably when there was no far- 
ther discharge from the uterus, the or- 
vanisms disappeared from the vagina al- 
most as promptly as they had appeared. 


The dominant factor in allowing the 


passage of infective material through the 
lumen of the cervix in those females in 
which the estrual cycle is resumed during 
infection is probably the physiologic change 
of the cervix and uterus that normally oc- 
curs preceding estrum. In the event the 
estrual cycle has been interrupted, another 
factor may be involved; namely, intrau- 
terine pressure resulting from the increase 
in the quantity of mucopurulent material 
within the uterus. In cases of frank py- 
ometra, where the accumulation of pus is 
considerable and the reproductive cycle 
static, discharge from the uterus may also 
be influenced by sudden changes in intra- 
abdominal tension as in getting up, lying 
down, defecation, micturition, etc. 

It seems reasonable to assume that there 
are variations in numbers and probably 
activity of Trichomonas within the uterus, 
but further investigation will be required 
to clarify this point. An infected female 
(230) was killed ten days after her first 
return to estrum following service. The 
course of the infection had been similar to 
that found in the cases of first infection 
presented herein, and no organisms had 
been found in samples from the vagina 
since return to estrum. At autopsy, none 
were found in the vagina, but a relatively 
few inactive specimens were seen in scrap- 
ings from the endometrium. Abelein,'* in 
referring to the early stage of the infec- 
tion, stated that the parasites do not find 
conditions favorable for multiplication im- 
mediately after estrum because the sur- 
face of the mucosa is covered with only 
a thin film of moisture; therefore, the 
Trichomonas multiplies slowly at first. It 
may be that the organisms are largely 
flushed out of the uterus before and at 
the time of estrum and that their num- 
bers are replenished in the latter part of 
the cycle when uterine secretions are more 
abundant. Other factors which might be 
involved in producing cyclical fluctuations 
in numbers of Trichomonas within the 
uterus are defense mechanisms of the host, 
the effects of the endocrine system, and 
possible cyclical growth characteristics of 
the organisms themselves. 
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SUMMARY 


1) Initial infections with Trichomonas 
foetus induced by coitus with infected bulls 
were studied in 7 females (6 heifers and 1 
cow) by means of daily vaginal sampling. 
Estimates of the numbers of trichomonas 
in positive samples were made with the aid 
of a hemacytometer. 


2) All of the females returned to estrum, 
at times ranging from nineteen to thirty- 
two (average — 25) days after the service 
which resulted in infection. With a few 
exceptions the subsequent estrual cycles 
were more or less regular. 


3) Trichomonas first appeared in the 
vaginal samples six to eleven (average = 
8.3) days following the coitus which ini- 
tiated the infection. The samples from all 
the females contained appreciable numbers 
of organisms from the twelfth to the nine- 
teenth days following coitus. Following the 
period of high counts, there was a marked 
decrease in numbers of Trichomonas; ‘this 
occurred approximately three weeks after 
exposure. 


4) During the remainder of the infec- 
tion, there was a characteristic pattern of 
appearance and disappearance of Tricho- 
monas in the vaginal samples. Several days 
(3 to 7 in the majority of instances) be- 
fore estrum, large numbers of Trichomonas 
appeared suddenly, while at or immediately 
after estrum the samples became negative 
and remained so until the approach of the 
next estrum. 


5) The patent period of the infection 
continued through from two to four (aver- 
age = 3.1) estrual cycles subsequent to the 
first return to estrum. The last positive 
samples were obtained from seventy-two to 
126 (average—92) days following the 
service which resulted in infection. 


6) A hypothesis is presented to explain 
the periodic appearance and disappearance 
of Trichomonas in the vaginal samples. 


The references listed below are cited in Parts 
I and II of the articles entitled “Pattern of 
Fluctuations in Number of Trichomonas Foe- 
tus Occurring in the Bovine Vagina During 
Initial Infections” by David E. Bartlett and 
Datus M. Hammond published herein (pages 
84-95). 
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Pattern of Fluctuations in Number of Trichomonas Foetus 
Occurring in the Bovine Vagina During Initial Infections 


II. Application in Diagnosis 


DAVID E. BARTLETT, D.V.M., and DATUS M. HAMMOND, Ph.D. 
Washington, D. C. 


ULTIMATELY, the definite diagnosis of bo- been included in the breeding operations of 
vine venereal trichomoniasis in a herd is a herd. The manifestations of this disease 
dependent upon the demonstration of speci- are not sufficiently characteristic in either 
mens of the etiologic agent, Trichomonas’ male or female to allow for more than a 
foetus, in exudate collected from the geni- presumptive diagnosis on the basis of his- 
talia of any bull, heifer, or cow that has_ tory and clinical findings. 


TABLE 3—Female 215. Record of Examinations During Initial Infection (age when infected: | year, 6 months; 
reproductive status: virgin) 


NUMBER OF T. FoETUS (IN THOUSANDS PER CC. OF SAMPLE) IN VAGINAL SAMPLES ON 
THE DAY OF AND DAYS FOLLOWING SPECIFIED ESTRUMS: 


EsTRUM 
FOLLOWING OF 


SUBSEQUENT ESsTRUMS 
ESTRUM EXPOSURE s 2N 4TH 


5TH 
(Estrum) 0 


oc: 


Sore bone 
+ee: cococe: 
o-+» 
Normal pregnancy 


coco 


. 


1 
2 
4 
6 
9 
0 
1 
2 
3 
4 
5 
6 
7 
0 
1 
: 
4 
5 
6 
7 
8 
9 
0 


coboronor 
. 
oor *+ 


| 


"Served by infected bull 207. 

*Served by uninfected bull 218. 

“Served by infected bull 207. 

*Estrum not observed. Calculated as occurring two days before hemorrhage. 

+After this date, examinations made on each week day for 4% months. No 7. foetus found. At this 
ime, female 215 became unavailable for further examinations. The pregnancy terminated by abortion 
t the seventh month of gestation due to severe conditions of another experiment (anaplasmosis). No 
’. foetus found following the abortion. 

+Trichomonas present; too few to count. 


This work was carried out at the United States From Zodlogical Division, Bureau of Animal In- 


epartment of Agriculture, Beltsville Research Cen- dustry, Agricultural Research Administration, 
er, Beltsville, Md. United States Department of Agriculture, Beltsville, 


Md. 
(91) 


‘ts 
of 
nig 
nd 
t 
| 
| 
6TH STH | 
= 
0 20 0 0 0 
0 0 0 0 0 0 
0 0 v0 
v0 0 0 0 
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In the bull, the infection is typically per- 
manent. The organisms, however, are har- 
bored in relatively small numbers; their 
demonstration usually requires examination 
of a series of preputial samples by an ex- 
perienced worker under optimum condi- 
tions. In the female, the infection is self- 
limited but a series of distinct infections 
may occur during the reproductive lifetime 
of an individual as the result of repeated 
exposures. During the patent period of 
initial infection, although Trichomonas can 
be demonstrated at times, there are appre- 
ciable intervals when the organisms can not 
be recovered from the vagina. Infection 
induces acquired resistance. Since the latter 
reduces the likelihood of reinfection and 
causes greater variability in the behavior 
of any subsequent infections which may 
develop, the demonstration of Trichomonas 
in an individual animal becomes increas- 
ingly more difficult following initial infec- 
tion. Obviously, haphazard sampling of 


TABLE 4—Female 224. Record of Examinations During 


females in an infected herd may fail to 
reveal the presence of Trichomonas. 

Assuming that the reproductive history 
of a herd is suggestive of bovine venereal 
trichomoniasis and that a definite diagnosis 
is desired, examinations of properly se- 
lected vaginal samples are then made in 
order to demonstrate specimens of T. foetus, 
if present. Samples of vaginal mucus are 
best collected, in our experience, by means 
of the simple glass pipette described by 
Andrews and Miller?; however, any other 
method for obtaining mucus from the an- 
terior vagina, such as by means of a cotton 
swab on a metal rod, should prove satis- 
factory. 

As pointed out by many workers, females 
in which the clinical findings are suggestive 
of trichomoniasis are ideal subjects for 
examining for the presence of the organ- 
isms. Pus obtained from the uterus of 
females in which manual examination per 
rectum has revealed pyometra, or pus col- 


Initial Infection (age when infected: | year, 7 months; 


reproductive status: virgin) 


NUMBER OF T. FOETUS (IN THOUSANDS PER CC. OF SAMPLE) IN VAGINAL SAMPLES ON THE 


Day OF AND Days 


FOLLOWING SPECIFIED ESTRUMS: 


Days EsTRUM 


FOLLOWING OF SUBSEQUENT EsTRUMS 
EsTRUM EXPOSURE 1st 2ND 3RD 4TH 5TH 6TH iTH 8TH 

0 (Estrum) 3 3t +82 
1 0 0 0 0 56 
2 ey? 0 0 0 0 
3 0 0 ye 0 0 aby 
4 és 0 0 0 0 0 
5 0 0 0 0 
6 7 + 0 0 0 0 
7 38 0 0 0 és 0 
8 110 0 0 0 0 a 
9 160 0 0 0 0 FA 

10 350 0 a 0 0 0 

11 0 + 0 

12 340 as + 0 

13 330 0 0 0 

14 140 200 0 0 

15 320 2750 0 De 

16 550 60 130 0 

17 950 600 190 0 

18 ak 40 240 0 

19 1400 : 0 

20 

21 

22 

23 

24 


"Served by infected bull 207. 
*Served by uninfected bull 214. 
“Served by infected bull 207. 


tEstrum not observed. Calculated as occurring two days before hemorrhage. 

+After this date, examinations made on week days for the subsequent six and one-half months. No 
T. foetus found. Services by infected bull 207 occurred during the second and third months, respectively ; a 
pregnancy resulted from the latter service. At the fifteenth week of gestation, female 224 became un- 
available for further examinations, During the thirty-sixth week of gestation a living male calf was de- 
livered. Premature parturition was evidently the result of severe conditions of another experiment 


(anaplasmosis and experimental arsenic therapy). 
+Trichomonas present; too few to count. 
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ted from females that have been noticed 

be discharging intermittently, may be 

‘amined microscopically for the presence 

Trichomonas. Other particularly valu- 
able sources are vaginal samples from fe- 
males that have aborted an embryo not 
more than twenty-four hours previously, or 
the membranes and fluids of such an em- 
bryo. Obviously, negative findings in one 
or even a few females with such nonspecific 
histories would not be conclusive evidence 
that a herd is free from infection. 

In the field, the previously described types 
of cases are often not available at the time 
when one is called upon to make a diagno- 
sis; as a matter of fact, such cases prob- 
ably represent but a small proportion of the 
Trichomonas infections encountered in 
breeding females. 


The observations on transmission of in- 
fections and the periodicity of appearance 
and disappearance of the organisms during 
the patent period of initial infections in 
the female, which have been presented in 
Part I of this paper, have served to clarify 
two principles relevant to diagnosis; name- 
ly, (1) transmission of trichomoniasis oc- 
curs in most virgin heifers and previously 
uninfected cows at the first exposure;* (2) 
there are more or less predictable periods 
during initial infections in which Tricho- 
monas is present in large numbers. 

These principles bear out the recom- 
mendations of Rees'® and of Dikmans'® that 

*In the Zodlogical Division experimental herd, of 
23 females exposed (including the 7 whose infec- 
tions are reported in Part I), 20 became infected 


following the first exposure, and the remaining 3 
became infected following the second exposure. 


TABLE 5—Female 226. Record of Examinations During Initial Infection (age when infected: | year, 11 months; 


reproductive status: nulliparat) 


NUMBER oF T. 


FoETUS (IN THOUSANDS PER CC. OF SAMPLE) 


IN VAGINAL SAMPLES ON 


DAY OF AND DAYs FOLLOWING SPECIFIED ESTRUMS: 


Days EstTruM 
l‘OLLOWING OF 
STRUM EXPOSURE 


0 (Estrum) 


1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
1 
2 
3 
4 
5 
6 
7 
8 


_ SUBSEQUENT ESTRUMS 
5TH 


8TH 


— 


cooo 


oor + ooceo: 


Female 226 had been served on one previous occasion by infected bull 207; 
h week day following this exposure revealed no T. foetus. 


subsequent examinations 
As return to estrum had not yet eccurred, 


the twenty-sixth day following service a large corpus luteum was enucleated from the right ovary; an 


estrum occurred 3 days later. 
reported in this table. 


At the subsequent estrum, she was again served by bull 207 with results as 


*Estrum not observed. Calculated as occurring two days before hemorrhage. 


Poor sample. 


$Discharged about 100 cc. muco-pus from the vagina; 


‘Served by infected bull 207. 
“Served by uninfected bull 222. 
“Served by infected bull 207. 
“Served by infected bull 207. 


+After this date, examinations made on each week day for eleven weeks. 
226 became unavailable for further observations until 


ie, female 


contained no T. foetus. 


No T. foetus found. At this 


parturition. Following delivery of a 


‘mal calf, no T. foetus found at examinations made each week day for the following two months. 


+Trichomonas present; too few to count. 
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24 950 0 0 
7 1600 0 0 
20 350 0 oe ° 
950 530 0 
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850 0 
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breeding a suspected bull to a virgin heifer are likely to harbor the organisms in the 
and examining the vaginal mucus for vagina. Recommended procedures are: 
Trichomonas two to three weeks after coitus A) Study the breeding records of the 
is a helpful procedure in diagnosis; they herd to determine whether any heifers have 
also support Gould’s'* observation that it been served recently for the first time by 
is ordinarily comparatively simple to dem- suspected bulls. 


onstrate the presence of the parasites in B) Breed, intentionally, one or more vir- 
the discharge that is usually most profuse gin heifers to each of the suspected bulls. 
about three days before the return to The best time to examine such females is 
estrum. from the twelfth to the nineteenth day fol- 


Being cognizant of the usual course of lowing coitus at which the first exposure 
events in initial trichomoniasis infections, occurred. Thereafter, if early return to 
as shown in the experiments reported in estrum occurs, examination made several 
Part I of this paper, the diagnostician can days preceding each of the anticipated sub- 
choose females for examination that have sequent two or three estrums may reveal 
been recently exposed to infection by JT. Trichomonas. 
foetus for the first time and consequently The rational approach to the examina- 


TABLE 6—Female 223. Record of Examinations During Initial Infection (age when infected: About | year, 
8 months; reproductive status: virgin) 


NUMBER OF T. FOETUS (IN THOUSANDS PER CC. OF SAMPLE) IN VAGINAL SAMPLES ON THE 
DAY OF AND DAYS FOLLOWING SPECIFIED ESTRUMS: 


Days EsTRUM 
FoLLOWING OF ESTRUMS 
EsTRUM EXPOSURE lst 2ND 3RD 4TH 5TH 6TH 7TH 8TH 
(Estrum) on 20 0 0 0 0 ia os2 3 
] 0 a 0 0 ap 0 0 0 
2 0 a ee ee 0 ee 0 ee 
3 0 0 0 0 0 0 0 0 
4 0 oe v0 0 0 0 0 0 
5 -. 0 0 oe 0 0 0 0 
6 0 + 0 3 0 0 
7 0 0 0 + 1 0 “ 0 
0 0 + 0 0 v0 
9 0 0 3 0 0 
10 + + 0 0 5 0 0 0 
11 oe 7 0 0 40 0 0 < 
12 ray 3 0 0 2 0 0 0 
13 19 1 0 0 + 0 0 ye 
14 95 0 0 0 + 0 ae 0 
15 85 ae a 0 0 0 0 
16 75 5 - os 0 ee 0 0 
17 30 5 0 0 0 0 0 0 
1é 0 a 0 0 0 0 0 0 
19 és 0 0 0 0 0 0 0 
20 60 0 0 0 0 és 
21 0 0 ‘i 0 
22 0 +t 
23 85 + 
24 13 + 
26 
+ 
27 ee 
+ 
30 oat 
32 
33 § 


"Served by infected bull 207. 

*88Served by infected bull 207. 

*After this date, examinations were made on each week day through the gestation and postpartum 
period, At the time of parturition, the calf was intentionally delivered so that a thorough examination 
of the membranes and feta] fluids might be made. No. T. foetus found. 

tThis short series of positive examinations is believed to represent a distinct second infection. 

+Trichomonas present; too few to count. 
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tion of females for Trichomonas has sev- 
eral obvious advantages. It will save the 
time of the diagnostician and increase the 
accuracy of his diagnoses. It will also 
help him avoid a sense of security based 
upon a laboratory report of negative find- 
ings, when in reality ill-timed sampling is 
responsible for the negative results. 


SUMMARY AND CONCLUSIONS 


1) It is recognized that the demonstra- 
tion of specimens of Trichomonas foetus 
in the exudate collected from the genitalia 
of any bull, heifer, or cow that has been 
included in the breeding operations of a 
herd is required for the definite diagnosis 
of bovine venereal trichomoniasis. 


TABLE 7—Female 181. 


2) It is pointed out that the individuals 
in a herd most likely to harbor the or- 
ganisms in the vagina are females that are 
experiencing initial infections. 

3) It is concluded that the best females 
to select for purposes of diagnosis are 
known susceptibles (virgins) that have re- 
cently been bred to a bull suspected of 
being infected. 

4) It is recommended that examination 
of such females should be made either (a) 
twelve to nineteen days post coitus or, as 
a second choice, if early return to estrum 
occurs, (6) a few days preceding any of 
the anticipated subsequent two or three 
estrums. 


The references cited are listed at the end of 
Part I (p. 90). 


Record of Examinations During Initial Infection (age when infected: 4 years, 5 months; 


reproductive status: gravida II, para lif) 


NUMBER OF T. Foetus (IN THOUSANDS PER CC. OF SAMPLE) IN VAGINAL SAMPLES ON THE 


DAY OF AND Days FOLLOWING SPECIFIED ESTRUMS: 


Days EsTRUM 


FOLLOWING 


SUBSEQUENT ESTRUMS 


to 
Zi 
s 


OF 
ESTRUM EXPoOsuURE 


3RD 4TH 


5TH 


0 (Estrum) 


1 
2 
6 
7 
8 
9 


totot: ttutot: ++++ 


es wiv 


. . . 

ooo: oo: 


‘Female 181 had completed two normal pregnancies each resulting from a single service by an uninfected 


Served by infected bull 193. 
“Served by infected bull 208. This service resulted in a distinct second infection. The first positive 
mination occurred on the thirty-first day following coitus (740 thousand T. foetus per cc.). Estrum 
irred on the thirty-ninth day. The infection persisted through one additional cycle. Several months 
* een resulted from the service of an infected bull. Female 181 did not become reinfected at 
s time. 
‘Female 181 discharged large quantities of mucus resembling that of normal estrum on the thirty-first, 
‘ty-second and thirty-third days following service. She showed marked excitement on these days but 
s not seen to “ride’’ or “stand.” Bloody mucus was discharged on the thirty-fourth day. Although 
estrum was not actually observed, it seems correct to consider that it occurred. Therefore an estrum is 
ported as occurring on the thirty-second day following service. 
+Trichomonas present; too few to count. 
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Embryo Mortality Accompanied by Pasty Eyes and Severe 
Losses in Ducklings Associated with Avitaminosis 


E. H. PETERSON, B.S., Ph.D., D.V.M., C. C. MORRILL, D.V.M., M.S., 
and ROBERT GRAHAM, B.S., D.V.M. 


Urbana, 


IN FEBRUARY, 1944, our attention was di- 
rected to heavy losses being sustained at a 
large duck farm located in central Illinois. 
The losses occurred primarily as an in- 
creasingly severe embryo mortality in suc- 


ceeding hatches followed by an abnormally 
high death rate in newly hatched ducklings. 
Fertility was reduced by approximately 11 
per cent. Other than an estimated 10 per 


From the Department of Animal Pathology and 
Hygiene, University of Illinois, Urbana. 

The authors wish to acknowledge the assistance 
of Drs. Jesse Sampson, George E. Whitmore, and 
Vera Hanawalt in the study of this outbreak. 


Illinois 


cent decrease in egg production, symptoms 
were not observed in the breeding flock. 

A commercially prepared pelleted feed 
comprised the sole ration for both breed- 
ers and ducklings. Feeding of the particu- 


Fig. | — Cross section 
through nasal passages 
just anterior to the pal- 
atine cleft. Normal 
duckling. Note the res- 
piratory epithelium lin- 
ing this part of the 

cavity. x45. 


lar lot of feed pellets associated with these 
losses was begun December 4 and discon- 
tinued January 20. This lot of feed at the 
time of delivery had a decidedly musty 
odor. In table 1 are shown the losses re- 
corded during this outbreak and the rapid 
return to normal behavior following substi- 
tution of feed. 
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Symptoms.—Many of the newly hatched 
ducklings were weak and smaller than nor- 
mal. Some of these birds were permanently 
blind as the eyelids remained closed while 
in others the eyes showed a watery dis- 
charge. In some ducklings the exudate dis- 
appeared, the cornea becoming dry and 
opaque with consequent blindness. In other 
birds the discharges became purulent prob- 
ably as a result of secondary bacterial in- 
vasions. Most, if not all of the ducklings 


tured extensively both aérobically and an- 
aérobically upon a variety of mediums. Re- 
coveries of organisms were few and offered 
no satisfactory explanation for the losses. 

Chemical Examinations of Blood, Tis- 
sues, and Feed.*—Composite samples of 
blood from 6 affected ducklings, 15 days 
old, and 6 apparently normal birds of the 
same age showed no significant differences 
in blood sugar, inorganic phosphorus, or 
hemoglobin. Plasma carotene, however, was 


TABLE I—Fertility, Hatchability, Embryo and Duckling Mortality* 


HATCHING 
Eecs 


FERTILITY 


Loss OF 
DUCKLINGS 


EMBRYO 
Loss 


HATCH 
(%) 


2360 


bo 


*Losses indicated in Table 1 do not indicate total losses, but represent the abnormal loss attributable 


to this outbreak. 


**The eggs for hatches 13 and 14 were laid while the breeders were being transferred from the dam- 


aged feed to the new shipment. 


***The behavior of hatches 15, 16, 17, 18, and 19 is regarded as normal. 


affected at hatching, showed the presence 
of a “button” at the site of the umbilicus, 
indicating imperfect closure. 

The mortality was high among ducklings 
appearing abnormal at the time of hatch- 
ing, nearly all of them dying within a few 
days. Birds, not showing manifestations 
at hatching but maintained upon the dam- 
aged feed, became unthrifty and many de- 
veloped symptoms of muscular weakness 
and incoérdination. Practically all of these 
birds died within a month. Ducklings, ap- 
parently normal at the time of hatching, if 
piaced upon other feed, grew and developed 
normally. 

Stafseth' described a spontaneous dis- 
eise in ducklings exhibiting many of the 
previously mentioned symptoms. The cause 
was regarded as probably nutritional. 

Bacteriologic Examinations. — Large 
numbers of affected ducklings were cul- 


significantly higher in the blood of healthy 
ducklings than in that of affected birds. 
Little or no vitamin A or carotene was 
found in the livers of affected ducklings, 
whereas appreciable amounts of each were 
found in the livers of birds regarded as 


normal. Analysis of the damaged feed 
showed it to be low in both carotene and 
vitamin A. 

Histopathologic Examinations.—Sections 
prepared from the brain, liver, kidneys, 
gizzard, heart, lungs, trachea and skeletal 
muscle of affected ducklings failed to show 
significant lesions as compared with normal 
controls. 

Sections prepared from various levels of 
the nasal passages showed abundant evi- 

*The determinations for carotene and vitamin A 
in the livers and in the feed were made by the Di- 
vision of Animal Nutrition, College of Agriculture, 


University of Illinois, and by the feed manufac- 
turer. 


— | 
1 Jan. 4 7 33 0 47 j 
Jan. 11 2940 74 0 117 
3 Jan. 18 3920 78 520 444 
{ Jan, 21 1910 8&3 284 541 
5 Jan. 25 2660 85 1070 299 
6 Jan. 28 2240 88 850 170 ; 
7 Feb 3780 89 2025 149 | 
8 Feb 2240 88 1364 40 
9 Fet 2800 87 1580 70 : 
0 Fet 2240 88 1450 55 
t _ 3280 88 1962 108 
y4 Feb 3340 83 2362 53 
13% Feb 2240 91 462 105 
i Feb 4130 92 802 15 ‘ 
5 Feb 2240 94 0 
6 Mar 3920 95 0 0 
7 Mar. 2240 95 0 0 
8 Mar. 3920 96 0 0 : 
9 Mar. 4400 95 | 0 0 
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if 
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dence of vitamin A deficiency, if the le- 
sions can be interpreted on the basis of 
changes observed in chickens by Seifried.* 
These changes in the ducklings consisted 
primarily in a metaplasia of the nasal res- 


piratory epithelium to a stratified squamous 
type (fig. 1, 2). Hyperkeratinization was 
frequently noted. The changes occurred 
first in the areas adjoining the normal 
stratified squamous epithelium near the an- 
terior nares and the palatine cleft. In the 
more extensively involved cases, areas of 
normal epithelium became more and more 
restricted, and in some, relatively little 
normal epithelium remained.* 

Effect of Vitamin Supplement.—From 
hatch 12, table 1, 152 newly hatched duck- 


*Some of the duckling sections were also exam- 
ined by Dr. Erwin Jungherr, who concurred in our 
interpretation of the lesions. 


lings were divided into three groups of 52 
25, and 75. All three groups were fed the 
damaged feed. Group 1, including 52 duck. 
lings, received the damaged feed plus cold 
pressed wheat-germ oil supplement at the 


Fig. 2—Cross section 
through nasal passages 
just anterior to the pal- 
atine cleft in duckling 
fed damaged feed. Note 
extensive metaplasia of 
the epithelium to a 
stratified squamous type 
showing marked kerati- 

nization. x45. 


rate of approximately 0.5 cc. each, every 
third day for two weeks; group 2, includ- 
ing 25 ducklings, in addition to damaged 
feed was given vitamin A at the rate of 
approximately 1000 units each, every third 
day for two weeks in the form of cod liver 
oil; group 3, including 75 ducklings, was 
maintained as a control group on the dan- 
aged feed only. The mortality is shown in 
table 2. 

The ducklings receiving the cod liver oil 
supplement showed a much higher survival 
rate (28 per cent) than Group 1 receiving 
vitamin E supplement (2 per cent) and the 
control group (4 per cent). The effect of 
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Fig. 3—Ducklings 4 weeks old maintained on the damaged feed together with cod liver oil 

supplement. The bird on the left appeared to be perfectly normal. The smaller duckling, handled 

in the same way, failed to grow probably as a result of damage sustained during embryonic 
development. 


cod liver oil was possibly even more (fig. 3). If the obviously weak and mori- 


marked than indicated, for many of these bund birds or those which succumbed dur- 
birds at the beginning of the feeding test ing the first week of the trial are omitted 


were weak and failed to eat. Many died from the calculations, the survival rates in 


thin the first two days and before vita- the three groups become, respectively, 3 
| therapy could take effect. In addition, per cent, 50 per cent, and 8 per cent. How- 
ome of the ducklings which survived the ever, the numbers of ducklings fed vitamin 
srvation period failed to grow properly supplement do not permit final conclusion. 


TABLE 2—Results of Feeding Wheat-Germ Oil and Cod Liver Oil Supplements 


1 GROUP 2 GRovuP 3 
; 52 DUCKLINGS 25 DUCKLINGS 75 DUCKLINGS 
ORTALITY (WHEAT-GERM OIL) (COD LIVER OIL) CONTROLS 


al Mortality 
vivors 


Ras \pRIL, 1945 99 
52, 
the 
ick. 
cold 
the 
j 
| 
y 
l- 
d n 
d ( 
r ; 
51 (98%) 72 (96%) 
1 (2%) (28%) 3 (4%) 


100 E. H. PETERSON, C. C. MORRILL, AND ROBERT GRAHAM _— A. ‘J. Ver. Res nN 


Although cod liver oil supplement to the 
ration possibly reduced the mortality, the 
feeding of wheat-germ oil supplement was 
without apparent effect. Further controlled 
observations on the effect of supplementing 
the ration with cod liver oil seems de- 
sirable. 


DISCUSSION 


It is suggested that the unusual duckling 
losses encountered in this outbreak prob- 


during rancidity changes and that the of 
process is accelerated by the presence of di 
ferrous iron. Cummings and Mattill* dem- or 
onstrated that the destruction of vitamin st 
E is more complete in rancid mixtures than lil 
that of vitamin A. Of six oils and fats ci 


studied, cod liver oil underwent oxidation 
most easily and caused the greatest loss of 
these fat-soluble vitamins. 

The labile character of vitamin E in the 
presence of fat oxidation has been con- 


Fig. 4—Duckling 4 weeks old maintained on damaged feed together with wheat-germ oil supplement. 
The bird is showing symptoms suggestive of vitamin A deficiency. 


ably were the result of a deficiency of the 
fat-soluble vitamins A and E, the deficiency 
having been brought about by deterioration 
of those elements in the feed as a result 
of rancidity development. 

The instability of vitamins A and E in 
the presence of fat oxidation has long been 
known. Mattill® showed that both these 
vitamins are destroyed in whole or part 


firmed by Weber, Irwin, and Steenbock,’ 
by Mackenzie, Mackenzie, and McCollum,’ 
and Mattill and Golumbic.* The latter 
workers confirmed previous findings that 
the deterioration of vitamin E in rancid 
mixtures progresses more rapidly than that 
of vitamin A. They showed also that the 
addition of cod liver oil to a ration may 
bring about manifestations characteristic 
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of vitamin E deficiency. In the case of 
diets known to have contained vitamin E 
originally, the lack of this vitamin, it is 
stated, is the result of its oxidation which 
like that of carotene and vitamin A is asso- 
ciated with the oxidation of unsaturated 
fatty acids. 

Direct evidence of a vitamin A deficiency 
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in these ducklings, as revealed by our 
studies, is incomplete. Circumstantial evi- 
dence for vitamin E deficiency is obtained 
from a consideration of the behavior of 
the breeding flock and the record of the 
hatches (table 1). The absence of evident 
symptoms in the breeding stock, the near 
normal maintenance of egg production and 


Fig. 5—Duckling 4 weeks old maintained on damaged feed. This bird, showing great muscular weak- 
ness and incodrdination, was unable to right itself when placed upon its back. This symptom is 
described as typical of vitamin E deficiency in the duckling. 


the affected ducklings was obtained 
through chemical and histopathologic ex- 
aminations. In addition, many of the duck- 
ings maintained upon the damaged feed 
leveloped clinical symptoms which were 
ggestive of vitamin A deficiency (fig. 4). 
ince the pelleted feed was amply fortified 
th cod liver oil, and assuming the quality 
‘ the oil to be satisfactory, a vitamin A 
eficiency in the feed can reasonably be 
plained only by assuming loss of the 
tamin. That this is the probable explana- 
m is indicated by the rancid condition of 
e feed and its low carotene and vitamin 
content upon chemical examination. Ex- 
rimental studies referred to indicate that 
the loss of vitamin E from rancid mixtures 
ght have progressed simultaneously with 
d at a more rapid rate than that of vita- 

n A. 
The evidence of a vitamin E deficiency 


fertility, and the very heavy embryo mor- 
tality are manifestations which are de- 
scribed as characteristic of vitamin E de- 
ficiency in the chicken by Card, Mitchell, 
and Hamilton,* Adamstone® and Adam- 
stone and Card.'® As further evidence of 
a possible vitamin E deficiency, many of 
the ducklings maintained upon the dam- 
aged feed developed clinical symptoms of 
muscular weakness and_ incoérdination 
which are described by Pappenheimer, 
Goettach and Jungherr"™ as typical of vita- 
min E deficiency in the duckling (fig. 5). 
However, the characteristic histopathologic 
changes in the skeletal muscles in avitami- 
nosis E, described by Pappenheimer and 
associates, were not observed. 


SUMMARY 


Death losses occurring on a large duck 
farm were investigated. The losses oc- 
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curred primarily as an increasingly severe 
embryo mortality in succeeding hatches 
accompanied by an abnormally high death 
rate in the ducklings which did hatch. The 
breeding stock was not visibly affected and 
egg production and fertility were both 
maintained at near-normal levels. Losses 
promptly ceased upon substitution of feed 
from a new shipment. 


The probable cause of losses of embryos 
and ducklings is postulated to have been a 
deficiency of vitamin A and possibly also 
of vitamin E. It is postulated further that 
these deficiencies probably arose through 
oxidative losses of the vitamins associated 
with rancidity changes in the pelleted feed, 
which composed the entire ration. 
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The Immunizing Action of a Lymphoid Tumor in Chickens 


CARL OLSON, JR., D.V.M., M.S., Ph.D. 
Amherst, Massachusetts 


TRANSPLANTABLE chicken tumors are 
capable of inducing resistance against re- 
implantation. This resistance may appear 
during active growth of the initial tumor 
or more frequently upon regression of the 
growth. Both concomitant resistance dur- 
ing growth of the tumor and resistance 
after regression were noted in the case of 
an osteochondrosarcoma and of a rifted 
sarcoma.' Concomitant resistance, that is, 
resistance to reinoculation during active 
growth of the original implant, has been 
shown in ducks with the Fujinami myxo- 
sarcoma.?. Chicken tumor I (a myxosar- 
coma) failed to induce resistance during 
active growth but strong resistance was 
present after regression.' It has been re- 
ported that hosts of a _ transplantable 
lymphoid tumor were resistant to further 
transplants after regression of the tumor.** 
This paper is concerned with a study of 
the development of resistance following im- 
plantation of the lymphoid tumor. 


MATERIAL AND METHODS 


The lymphoid tumor which is the subject of 
the present report has been described in pre- 
ceding papers.”*® The tumor was found as a 
spontaneous neoplasm in a 7-month-old cross- 
red chicken, the result of mating a Rhode 
sland Red hen and a Barred Plymouth Rock 
ooster. It has been maintained by serial 
ransplantation in Rhode Island Red chickens 
ince 1937. Histologically, the tumor is com- 
osed of large lymphoid cells. 

Some of the birds used in the resistance 
ests were those employed for serial passage 
f the tumor. The others were of the same 
tock. Generally, the birds were 7 to 12 weeks 
ld at the beginning of the experiment. 

Material used for inoculation was a freshly 
repared tissue suspension consisting of one 
art minced tumor and one part Ringer’s 

lution isotonic for chicken erythrocytes, to 
hich was added a small amount (1 : 1000) of 
ifusorial earth. Inoculations were made in- 
Contribution No. 536 of the Massachusetts Agri- 
ltural Experiment Station, Amherst. 


tramuscularly, usually in the pectoral or thigh 
regions. The dose was 0.5 cc. Subsequent 
inoculations were always made at sites dif- 
ferent and remote from the previous ones. 

A total of 172 chickens was tested. The in- 
terval between reinoculation and the initial 
implantation was twenty-eight days or less in 
160 chickens and from thirty-three to eighty- 
one days in the remaining 12. Normal birds, 
4 to 6 in each test, were used as controls. Re- 
peated reinoculations were made in 42 chickens. 


RESULTS 


The chickens had different reactions to 
the initial transplant of tumor material. A 
group of 48 showed no apparent growth of 


TABLE I|—Results of Reinoculation. Tests Made During 
Passages 2 to 10 


INTERVAL BETWEEN FIRST 
INOCULATION AND REIN- 
OCULATION (Days) 


13 T017 17 To021 21 PLus 


REACTION TO 
FIRST 
INOCULATION 


TOTAL 


Negative ‘ve 4/0 


Growth and 
Regression 5 1/0 14/7 


Local Growth 2/0 ve 2/0 


Growth and Local 
Metastasis 1/ 3/0 oe 4/0 


6/0 4/2 24/7 


*Number of birds tested/number in which growth 
was obtaingd. 


the implant although the material which 
they received had produced growths in other 
chickens. In 88, the initial implant re- 
gressed after a short period of perceptible 
growth; in 16, the initial implant grew and 
remained localized; and in 20, the implant 
grew and there were localized metastases 
in visceral organs. 

Examination of the data indicated that 
the capacity of the tumor to induce re- 
sistance against reinoculation increased 
with the number of passages of the tumor 
into new hosts from the second to 137th 
passage. This trend is illustrated in tables 
1, 2 and 3. Accordingly, the capacity to 
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induce resistance will be examined in suc- 
cessive groups in which the initial implant 
was received between the second and tenth 
passage, the tenth and thirty-sixth, and the 
thirty-sixth and 137th passages of the 
tumor. 

Passages 2 to 10.—Inoculation into 24 
normal chickens was followed by no growth 
in 4, growth and subsequent regression in 


TABLE 2—Results of Reinoculation. Tests Made During 
Passages 10 to 36 


INTERVAL BETWEEN First IN- 
OCULATION AND REINOCULATION 


REACTION TO Days) 

FIRstT 
INOCULATION 0-7 8-12 13-16 17-21 PLus ToTaL 
Negative .... 6/0* we 12/1 1/0 3/0 22/1 


Growth and 
Regression .11/1 1/0 12/1 1/0 8/1 33/3 


Local Growth. 3/3 1/0 ere 1/0 7/0 12/3 
Growth and 
Local 
Metastasis . 4/2 3/0 ba 1/0 4/0 12/2 
Total ....24/6 5/0 24/2 4/0 22/1 79/9 


*Number of birds tested/number in which growth 
was obtained. 


14, local growth in 2, and growth with 
metastasis in 4. Seventeen of these birds 
proved to be completely resistant to re- 
inoculation made fourteen to twenty-eight 
days later (table 1). The seven birds sus- 
ceptible to reinoculation had growth with 
regression from the original implant. In 
six of the birds, the second implant like- 
wise regressed. In one bird, resistance was 
absent or very slight as shown by progres- 
sive growth of the second implant and 
death from visceral metastasis. 

Passages 10 to 36.—Of 79 chickens tested 
during the tenth to thirty-sixth passage, 
70 proved to be completely resistant to re- 
inoculation. This was a contrast to the 
lack of resistance among the remaining 9 
birds. One bird, negative to the original 
implant, was reinoculated fourteen days 
later and developed a localized tumor. Three 
birds with growth and regression from the 
first inoculation developed tumors on re- 
inoculation (one was reinoculated in two 
days and the second implant later re- 
gressed; the second was reinoculated in 
fourteen days and the second implant like- 


wise regressed; the third was reinoculated 
twice; the first reinoculation in twenty-one 
days was negative but the second reinocu- 
lation seven days later caused a local tumor 
from which the bird died in eighteen days), 
Three chickens with Iecal tumor growth 
from the first implant developed tumors 
upon reinoculation (two were reinoculated 
in two days, one in seven days, and, in all 
3, the tumor from the reinoculation con- 
tinued to grow until death of the host). 
Two chickens with local growth and metas- 
tasis from the original inoculation were 
susceptible to reinoculation (both were re- 
inoculated in seven days and developed local 
tumors). It should be noted that 6 of the 
9 birds found not resistant to reinoculation 
were tested after an interval of less than 
eight days. These data are summarized in 
table 2. 

Passages 36 to 137.—Sixty-nine chickens 
which were first inoculated during the 
thirty-sixth to 137th passages were re- 
sistant to reinoculation. These birds had 
the following reactions to the first inocula- 
tion: 22, negative; 41, growth with regres- 
sion; 2, local growth only; and 4, growth 


TABLE 3—Results of Reinoculation. Tests Made During 
Passages 36 to 137 


INTERVAL BETWEEN FIRST 


REACTION TO INOCULATION AND REIN- 

FIrst (Days) 
INOCULATION 13-16 17-20 21 PLus TOTAL 
Negative 5/0* 7/0 10/0 22/0 
Growth and 

Regression ... 8/0 10/0 23/0 41/0 
Local Growth ... .. re 2/0 2/0 
Growth and Local 

Metastasis .... 1/0 2/0 1/0 4/0 

14/0 19/0 36/0 69/0 


*Number of birds tested/number in which growt 
was obtained 


with localized visceral metastasis (table 3). 

Beginning in January 1940, with the 
forty-fourth passage, the tumor was main 
tained in two lines of serial passage, one 
being transferred at approximately ten-da) 
intervals and the other at approximatel) 
fifteen-day intervals. In many instances 
material for the original injection was ob- 
tained from one line of passage and mate- 


| 


rial used to test induced resistance was ob- 
tained from the other line of passage. This 
had no effect on the results. 

Repeated Reinoculations.—Several re- 
inoculations were given to 42 chickens dur- 
ing the first 35 passages of the tumor. 
Seven of the 42 developed a tumor from 
the first reinoculation and only two (M438 
and M458) from the second reinoculation. 
Nineteen chickens received a third reinocu- 
lation and one only (M458) was suscepti- 
ble. Two chickens were given a fourth 
reinoculation and both were resistant. Ac- 
tually, only two chickens (M438 and M458) 
were susceptible to more than one reinocu- 
lation. Chicken M438 had growth with 
regression from the original inoculation, 
was resistant to the first reinoculation 
twenty-one days later, but developed a local 
tumor from second _reinoculation 
twenty-eight days after the original inocu- 
lation. Chicken M458 developed local tu- 
mors from the original inoculation and 
from the first, second, and third reinocula- 
tion which were given one, two, and three 
weeks after the original implant. Details 
of the reactions to the original inoculation 
and results of subsequent reinoculations 
are given in table 4. 

Controls.—The tumor pulp mixtures used 
for reinoculation were active in the control 
chickens. There were variations in growth 
activity of the different tumor pulp mix- 
tures. Their activity was roughly evaluated 
on a numerical basis previously described.* 
By this method the value 0 represented 
complete lack of activity and 10 the maxi- 
mum activity. There was no correlation of 
a numerically high activity rating with suc- 

ssful reinoculation. In fact, the activity 

itings of the pulp mixtures in the con- 

‘ols were higher after the thirty-sixth 
passage when reinoculations were unsuc- 

ssful. 


DISCUSSION 


Burmester and Prickett have reported on 
(ve immunizing ability of this tumor. They 
idied the resistance following temporary 
‘rowth and subsequent regression. The 
vesent results confirm this observation; 
however, they also show that the ability 


appeared to be enhanced by serial passage 
of the tumor. Burmester and Prickett 
worked with the tumor after it had been 
well established by serial passage. There- 
fore, the present results after the thirty- 
sixth passage are in perfect agreement with 
theirs. 

During the second to tenth passage, 7 of 
24 chickens (29.3%) were susceptible to 
reinoculation. During the tenth to thirty- 
sixth passage, 9 of 79 chickens (11.4%) 


TABLE 4—Results of Repeated Reinoculations. Tests 
Made During Passages 3 to 36 


REACTION TO 
FIRST 


REINOCULATIONS 
INOCULATION lst 


2ND 


Negative 11/0* 11/0 


Growth and 
Regression ...24/2 24/1 
3/3 


: 3/1 


Local Growth ... 


Growth and Local 
Metastasis 


42/7 42/2 19/1 


*Number of birds tested/number in which growth 
was obtained. 


were susceptible. In subsequent passages 
(October 1939 to August 1942), all birds 
were resistant to reinoculation. The im- 
munizing ability of the tumor was, no 
doubt, more severely tested in the later 
passages, for the general growth activity 
was increased by serial passage.° 

The data indicate that resistance is de- 
veloped soon after the original inoculation. 
The volume of data is small and casual ob- 
servation of table 2 suggests that when the 
interval between the original inoculation 
and reinoculation was less than eight days, 
growth was more apt to develop from re- 
inoculation. However, if the data of tables 
1 and 2 are combined, the observation be- 
comes less significant. To illustrate: Six- 
teen of 103 chickens were susceptible to 
reinoculation (15.5%). Twenty-four were 
reinoculated at less than eight days and 6 
were susceptible (25%); 38 were reinocu- 
lated at thirteen to eighteen days and 7 
were susceptible (18.4%), and 26 were re- 
inoculated at twenty-one or more days and 
3 were susceptible (11.5%). These differ- 
ences are of a low order of significance in 
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view of the small numbers involved. Ex- 
periments with mammalian tumors suggest 
that the concomitant resistance is developed 
within the first few days after inoculation 
if at all.’ 

Few birds in this series were tested for 
susceptibility more than twenty-eight days 
after the original inoculation; however, 
Burmester and Prickett found the resist- 
ance to last as long as 202 days. 

A difference in susceptibility to reinocu- 
lation might reasonably have been expected 
when the chickens were grouped according 
to their reaction to the first inoculation. 
The various reactions to an implant of the 
tumor are determined in part by the re- 
sistance of the host. The group negative to 
the first inoculation exhibited the most re- 
sistance to reinoculation. No marked dif- 
ferences in resistance were found between 
the other groups. The resistance of chickens 
in which growth had developed from the 
original implant was, no doubt, an acquired 
immunity. In the case of those negative to 
the original inoculation, resistance may 
have been due to natural immunity; how- 
ever, the possibility exists that a slight un- 
apparent growth of the implant took place 
which was sufficient to stimulate develop- 
ment of resistance. Support of this possi- 
bility exists in other experiments in which 
dead tumor cells were not capable of pro- 
ducing immunity. The comment of Bur- 
mester and Prickett that perceptible growth 
and regression of the tumor is prerequisite 
for immunity is not substantiated by these 
results, since there is no evidence of actual 
growth in those birds negative to the origi- 
nal inoculation. 


Strong concomitant resistance was shown 
in birds with actively growing tumors. The 
susceptibility of one bird to each of three 
repeated inoculations illustrates that indi- 
viduals may exist in which a state of ac- 
quired immunity does not develop. 


CONCLUSIONS 


1) Chickens which had received viable 
implants of a transmissible lymphoid tumor 
exhibited a marked resistance to subsequent 
inoculation with the same tumor. 

2) The ability of the tumor to immunize 
against itself was enhanced by serial 
passage. 

3) Chickens with no apparent reaction 
to the original inoculation were resistant 
to reinoculation. 

4) Concomitant resistance was found 
well developed after the tumor had been 
resident in the host seven days. 
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Ergotism in Pregnant Sows, Female Rats and Guinea Pigs 


A. W. NORDSKOG, Ph.D., and R. T. CLARK, Ph.D. 


Bozeman, Montana 


DURING the spring of 1943, reports from 
several counties in Montana (Cascade, Fal- 
lon, Wibaux, and Lake) indicated severe 
death losses in baby pigs, resulting, appar- 
ently, from agalactia in the sow. A survey 
conducted by E. P. Orcutt of the Montana 
Agricultural Extension Department, in co- 
operation with several county agents, 
showed that almost invariably the grains 
fed where trouble was observed contained 
more or less ergot. It is not known how 
many pigs within the state died from this 
alleged cause, but, within the comparatively 
small area covered by the survey, over 500 
baby pigs were definitely known to have 
died, seemingly from starvation, at ages 
from 1 to 10 days. In addition, a report 
from Lake County indicated that cows fed 
ergotized barley dropped in milk flow but 
came back into production after the toxic 
grain was replaced with clean feed. Sam- 
ples of grain, sent in to the experiment 
station by farmers who lost pigs, showed 
amounts of ergot varying from none to 
over 1.0 per cent of the grain. Most of 
these samples were barley. Aside from the 
ergot contamination, these samples ap- 
peared to be perfectly sound. In particular, 
no evidence of scab was noted. 

The classical symptoms of acute ergotism 
in animals are lameness, which becomes 
rogressively worse; dry gangrene; and 
sloughing of parts of the extremities. In 
rregnant females, ergot is known to cause 
abortion, 
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The toxic effects of rye ergot are due to 
its alkaloid, but samples from different 
sources or grown in different years may 
show wide variation in the amount of alka- 
loids contained. According to Cunningham,’ 
only the levorotatory forms are physiologi- 
cally active, of which the best known are 
ergotoxine and ergotamine. Small doses of 
these alkaloids stimulate unstriated muscle 
tissue. The organs most sensitive to stim- 
ulation are the arterioles, the sphincter of 
the pupil, and the uterus. Under effect of 
these alkaloids, the arterioles contract, 
which reduces the blood flow. This is be- 
lieved to cause gangrene, followed by 
sloughing of the part. 

There is little experimental evidence that 
ergot causes suppression of milk secretion, 
although Petersen (1943, private communi- 
cation) states that milk production was re- 
duced in 2 cows fed about 10 Gm. of rye 
ergot per day and, after a week, produc- 
tion dropped to about 10.0 per cent of nor- 
mal. Barger? cited some Russian work in 
which it was reported that milk secretion 
was stopped experimentally in bitches. How- 
ever, the same author cites several cases 
in which children nursed their mothers up 
to the time the mothers died from con- 
vulsive ergotism. 

Apparently, there is no published evi- 
dence that ergot can prevent the initiation 
of milk secretion without causing abortion. 

Since no classical symptoms of ergotism 
had been noted in the field, it was the 
opinion of several veterinarians, with whom 
contacts were made, that ergot was not 
directly responsible for the agalactia re- 
ported in sows. It was clear that the prob- 
lem merited some research. Accordingly, 
an experiment was conducted to determine 
the effect of ergot on reproduction and 
lactation in swine. In addition, two sup- 
plementary experiments were made, using 
pregnant guinea pigs and pregnant rats. 
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EXPERIMENT 1 
MATERIAL AND METHODS 


The Effect of Feeding Various Levels of 
Barley Ergot to Pregnant Sows.—Three tons 
of barley containing about 0.67 per cent ergot 
were purchased in November, 1943, from a 
farmer who had lost pigs the previous spring 
when his sows were fed rations containing this 
grain. The ergot was concentrated to about 
3.0 per cent by running the grain through a 
fanning mill. Three rations, all coarsely 
ground, were prepared as follows: 


Meat and bone meal (45% protein) ..........e-ee00. 


Rations I and II, containing 1.0 per cent 
‘and 0.5 per cent ergot, respectively, were pre- 
pared from the ergot concentrate. Ration III 
was made from the “cleaned” ergotized barley 
which was that portion of the barley remain- 
ing after the ergot concentrate had been sep- 
arated with the fanning mill. It tested about 
0.1 per cent ergot. It is made up, therefore, 
largely of the grain from which most of the 
ergot had been removed. It was thought that 
if the ergot was not the source of the trouble, 
this ration might serve as a check. 

On January 17, individual weights were 
taken on 12 bred, spring-farrowed Duroc Jer- 
sey gilts, after which they were divided into 
lots of 4 and started on the rations previously 
mentioned. Each gilt received between 2.5 
and 3 lb. of feed twice daily. In addition good 
quality alfalfa hay was fed ad libitum, and 
water was kept before them at all times. 

One sow in lot III was removed from the 
experiment after being rebred twice, but fail- 
ing to conceive. Two Black Landrace* bred 
gilts were put on experiment on February 25. 

Twelve Black Landrace sows, fed a ration 
of sound barley and wheat in equal propor- 
tions, plus 4.0 per cent meat and bone meal 
and 10.0 per cent alfalfa hay, served as con- 
trols. 

A few days before farrowing, each sow was 
again weighed and then removed to individual 
farrowing pens. 

Since this experiment was, more or less, of 
an exploratory nature, certain changes in the 
original procedure were made, based on the 
results accumulated as the experiment pro- 
gressed. 


*These are inbred pigs that were founded on a 
Danish Landrace-Hampshire cross, which are be- 
ing developed at the U. S. Range Livestock Experi- 
ment Station, Miles City, Mont, 


RESULTS 


Lot I, receiving the 1.0 per cent ergot 
ration, ate very little of its feed the first 
week; after they had become accustomed 
to it, about 5 lb. per head were consumed 
daily. Lot II ate the 0.5 per cent ergot 
ration with noticeably more relish but not 
as well as lot III on the “cleaned” barley, 
which contained about 0.1 per cent ergot. 

The results of the experiment are sum- 


RATION I RATION II RATION III 
(1% (0.5% (0.1% ErRscor) 
PER CENT PER CENT PER CENT 
<a 96 
15 31 
48 48 
4 4 


marized in table 1. Sow 143 from lot | 
farrowed on February 11, after receiving 
the 1.0 per cent ergot ration for twenty-five 
days. Out of a total of 8 pigs farrowed, 
3 were born dead. The others appeared to 
be quite strong and attempted to nurse 
vigorously. The live pigs averaged 3.4 lb. 
at birth. However, there was a marked 
lack of udder development in the sow. The 
following day, all pigs were found dead and 
scattered around the concrete floor of the 
farrowing pen. Although it is doubtful 
that the pigs actually died from starvation, 
examination, after opening the stomachs, 
revealed them to be empty. Therefore, they 
must not have received any milk and, in 
their search for food, probably were chilled 
from the concrete floor as the sow had 
piled most of the litter into one corner for 
a nest. 

The second sow farrowing was 58, in lot 
II on the 0.5 per cent ergot ration. Six 
pigs were born alive but were quite small 
and weak. Three were dead or died shortly 
after birth. The sow, although in excellent 
condition, showed little signs of a func- 
tional udder and was injected with two 
ampules of Lilly’s anterior pituitary ex- 
tract about ten hours after farrowing. 
Again all pigs were dead within twenty- 
four hours and were found scattered 
throughout the pen. Also the stomachs 
were found to be completely empty. 
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Figure ! 


1) Duroc Jersey sow 44 fed the 0.5 per cent ergot ration for eighty-seven days up to farrow. Ten 
pigs born weighed little more than | Ib. each. Six pigs born alive were dead in twenty-four hours. 
Note lack of udder development. 

2) Duroc Jersey sow 31 fed the “cleaned” barley ration (0.1% ergot) for fifty-three days up to 
farrow. Nine fairly strong pigs were born alive and survived up to 4 days on cow's milk. Note the 
poorly developed udder. 

3) Duroc Jersey sow 132 fed the “cleaned” barley ration for fifty-four days but was on regular feed for 
thirty-two days previous to farrow. This sow raised 6 pigs out of I! farrowed to 2! days. Note the 
fairly well developed udder. 

4) Duroc Jersey sow 177 fed the 1.0 per cent ergot ration for fifty-four days but switched to regular 
feed for the last forty-five days of pregnancy. Four pigs out of 5 born alive were raised to weaning 
age. Note the fairly good udder development. 

5) Black Landrace sow 6159 received the |.0 per cent ergot ration for thirty-six days previous to farrow. 
No pigs were saved. Although this sow was not in good condition when she was put on experiment, 
she shows almost complete lack of udder development. 

6) Black Landrace sow 1918 received no ergot. Note the nicely developed mammary glands. 
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Sow 31 was the first to farrow in lot III 
on the “cleaned” barley. Nine pigs out of 
10 farrowed were alive at birth. This sow, 
as well as the first two, was in excellent 
condition but lacked normal udder develop- 
ment. Since there appeared to be no milk 
secretion, she was injected intravenously 
with pituitary extract but,with no apparent 
effect. The pigs were removed from the 
sow in the evening and put on a formula of 
cow’s milk. They all died, however, within 
four days. Sow 31 is shown in figure 1. 


The results so far indicated that all three 
rations produced agalactia. It was clear 
that the “cleaned” barley ration contained 
the same toxic principle as the other two, 
which is presumed to be the ergot. On 
March 15, ration III was changed to the 
regular feed of sound barley and wheat 
with 4.0 per cent tankage plus alfalfa hay 
fed ad libitum. At the same time, sow 177, 
on 1.0 per cent ergot, was switched to lot 
III now receiving regular feed. 

As indicated in table 1, no pigs, born 
from 5 sows receiving the 1.0 per cent ergot 
ration for varying lengths of time up to 
farrowing, survived more than twenty-four 
hours. Only about half the pigs farrowed 
were born alive. Only one litter (from sow 
143) was considered strong at birth. This 
sow was on the experiment for only twenty- 
five days. The 2 Black Landrace sows in 
this group were in relatively poor condition 
when put on experiment, which may have 
contributed somewhat to the light weights 
of those litters. The length of gestation 
for the group as a whole was less than 110 
days. The stomachs of all dead pigs exam- 
ined were found empty. Sow 177, which 
received the 1.0 per cent ergot ration from 
the fourteenth to the sixty-eighth day of 
pregnancy (54 days), but was changed to 
regular feed for the remainder of the 
gestation period (45 days), farrowed 5 
live pigs and 1 dead pig. The live pigs 
were quite vigorous at birth and the udder 
of the sow was functional (see fig. 1). 
Four pigs were raised by this sow to wean- 
ing age. 


In lot II all pigs farrowed by 4 sows on 
0.5 per cent ergot died within twenty-four 
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hours. About one third of the total num- 
ber of pigs farrowed were born alive and 
these were very small and weak. One litter 
(from sow 146) was immature at birth 
but nevertheless attempted to nurse. The 
udders of all of these sows, failing in nor- 
mal development, were unquestionably non- 
functional. The gestation period of 3 sows 
in this group averaged 105 days. 

In lot III, sow 31 gave the same response 
on fifty-three days of feeding on “cleaned” 
barley, as did those in lots I and II. Sow 
141, fed the same ration for fifty-four days 
but followed by eleven days on regular feed 
previous to farrowing, produced 7 live and 
2 dead pigs. Although all but two of the 
live pigs weighed over 2 lb. each, they were 
weak at birth. That the sow, however, pro- 
duced milk was verified by hand milking. 
Two pigs were saved from this litter and 
were transferred, because of the small 
litter, to another sow. 

Sow 132 was also given the “cleaned” 
barley ration for fifty-four days but for 
thirty-two days previous to farrowing was 
on regular feed. Eleven pigs were farrowed 
alive although the pigs were not too strong. 
Four died before the second.day. This sow 
also produced milk and raised 6 pigs to 
21 days, but only 4 were alive at weaning. 


The farrowing record of 12 Black Land- 
race sows on regular feed throughout preg- 
nancy is included in table 1. The gestation 
period averaged 114 days but none were 
less than 113. The birth weights of these 
pigs averaged 2.9 lb. each and over 96 per 
cent of all pigs farrowed were born alive. 
All of the sows showed normal udder de- 
velopment and milk secretion. These sows 
averaged 5 pigs raised to 21 days, which 
includes, however, 2 sows that trampled al! 
of their pigs soon after farrowing. 


Figure 1 presents photographs of repre- 
sentative sows from the various treat- 
ments. All pictures were taken within 
forty-eight hours after farrowing. The 
effect of ergot on mammary gland develop- 
ment is clearly demonstrated. 

Study of table 1 suggests that the lengt! 
of time the sows received ergot previous to 
farrowing influenced reproductive perform- 
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ance more markedly than differences in 
actual concentrations of ergot fed. The 
data were rearranged according to the num- 
ber of days the Duroc gilts received ergot 
in any concentration up to farrowing. This 
is presented in table 2. It appears that the 
percentage of live pigs born and the aver- 
age individual birth weights of the pigs 
tends to be inversely related to the number 
of days ergot was fed. However, it does 
not appear that the length of gestation fol- 
lows this relationship. 


TABLE 2.—The Relationship Between Reproductive 
Performance and the Length of Time up to 
Farrowing that Ergot Was Fed 


Days AV. BIRTH LIVE PIGS GESTA- 

ON WT. BORN TION 

Sow ERGOT (LB. ) (%) (DAYS) 
143 25 3.1 63 111 

31 53 2.2 90 

58 53 2.1 67 one 
145 61 33 109 
146 63 1.6 0 101 
133 67 1.5 44 105 
76 0 107 
44 87 10 110 


The results of experiment,1 clearly dem- 
onstrated that ergotized barley was respon- 
sible for the agalactia observed in brood 
sows. However, since the ergot was not 
completely separated from the original 
yrain, one cannot conclude, specifically, that 
the ergot in itself produced the agalactic 
effect. To obtain information on this point 
as well as to note the effect of ergot on 
laboratory animals (rats and guinea pigs), 
a quantity of ergot was obtained in pure 
form by hand picking a portion of the in- 
fected grain. 


EXPERIMENT 2 


The Effect of Barley Ergot on Reproduction 
in Female White Rats.—Twelve bred female 
rats,* varying in ages from 6 to 9 months, 
were divided at random into 4 lots of three 
each. On June 20, 1944, these lots were started 
on rations as follows: 


*One male was mated to each of three females. 
They remained in the breeding cages for six days 
previous to being put on experiment. 


Lor RATION 


Be Purina Dog Chow (control) 
as Purina Dog Chow containing 1.0 per 
cent ergot 
 . Ge Purina Dog Chow containing 3.0 per 
cent ergot 
“Cleaned” barley ration* 

*Ration IV contained 55.0 per cent of ‘‘cleaned” 
barley (used in experiment I, which tested about 
0.1% ergot), in addition to corn, skimmilk, meat 
scraps, peas, Wesson oil, cod liver oil, manganese 
carbonate, and sodium chloride, all of which were 
balanced according to an accepted stock formula 
This ration was supplemented with lawn clippings 


All rations were finely ground so that they 
were eaten without any selection of ingre- 
dients. Individual animal weights were taken 
at the beginning of the experiment. Additional 
weights were taken on the first, twelfth, fif- 
teenth, and twenty-first days of the experi- 
ment. 


RESULTS 


The results are shown graphically in 
figure 2. After the first week, it was evi- 
dent that lot III thrived very poorly on the 
3.0 per cent ergot ration. In fact, it was 
believed that they would not survive if 
maintained on this ration. After twelve 
days, those in lot III were switched to the 
control ration. At the same time, 2 ani- 
mals receiving the control ration up to this 
time were put on the 1.0 per cent and 3.0 
per cent ergot rations, respectively. The 
effect of ergot on gain in weight is shown 
strikingly in the graph. However, a no- 
ticeable amount of the 3.0 per cent ergot 
ration was wasted, which indicated that it 
was not palatable and that probably this 
group was not consuming as much feed as 
the others. However, those on this ration 
rapidly regained weight after being 
changed to the control feed. On the other 
hand, rat 26 switched from the control to 
the 3.0 per cent ergot ration lost a corre- 
sponding amount of weight. 

Lot II on the 1.0 per cent ergot showed 
a decline in weight up to the fifteenth day 
on this ration, after which they regained 
some of the lost weight. Lot IV on the 
barley feed (at least 0.05 of 1.0 per cent 
ergot) showed about the same response 2s 
those in lot II. 

Only 3 litters of young were produced 
and these were all from lot I. Rat 24, on 
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Fig. 2—The effect of barley ergot on gains and reproductive performance in pregnant rats. 
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the “control-1.0 per cent ergot” rations,* 
produced 9 live young averaging 6.7 Gm. 
on July 10. Examination of the young in- 
dicated that some milk was contained in 
the stomachs, which was visible from the 
exterior. However, they failed to grow, 
and all of them were dead in seven days. 
Rat 26, on the control-3.0 per cent ergot 
rations, produced 8 young on July 11 av- 
eraging 3.5 Gm. each. It is probable that 
this female also secreted some milk; how- 
ever, the litter was very poor and on the 
third day all of them had been eaten by 
the mother. Rat 60, on the control ration 
throughout, produced 8 young on July 11 
which averaged 6.3 Gm. each. This litter 
appeared entirely normal in all respects 
and at weaning time all showed normal de- 
velopment. 

No litters were produced in lots II, III, 
and IV. However, most of these females 
were known to be pregnant. On July 2, 
fetuses were palpated in all of the females 
with the exception of a doubtful case in 
lot III. 


EXPERIMENT 3 


The Effect of Barley and Rye Ergot on Re- 
production in Female Guinea Pigs.—Bred fe- 
male guinea pigs divided into five pens of four 
each were fed the following rations: 


LoT RATION 

Stock ration containing 1.0 per cent 
barley ergot 

: a Stock ration containing 3.0 per cent 
barley ergot 

Stock ration containing 1.0 per cent 
rye ergot 

IV......Stock ration containing 3.0 per cent 
rye ergot 

Stock ration (control) 


The stock ration consisted of equal parts of 
barley and wheat to which was added 2.0 per 
cent each of meat and bone scraps (about 
45.0% protein) and soybean-oil meal (about 
43.0% protein). These rations were finely 
ground and kept in hoppers before the ani- 
mals at all times. In addition, a quantity of 
alfalfa hay, fresh cabbage, and carrots was 
supplied to each group daily. 


*The control ration was fed during the first 
twelve days on experiment, followed by the 1.0 per 
cent ergot ration. 


RESULTS 


In general, the results were negative. 
Fifteen normal litters were produced and 
all of these females showed functional mam- 
mary glands. Three guinea pigs apparently 
failed to become pregnant (1 in each of 
lots I, II, and IV). One female in lot III 
aborted 4 dead fetuses on the thirteenth 
day of the experiment, while 1 in lot IV 
had 2 dead pigs. The latter showed a Sal- 
monella infection. 


DISCUSSION 


Two primary effects in feeding barley 
ergot to pregnant sows were observed. 
First, lactation was completely inhibited, 
and second, the vitality of the newborn 
pigs was markedly reduced. It appears 
probable that initiation of milk secretion, 
which normally follows parturition, was 
prevented due to failure of the mammary 
glands to develop. This is supported by the 
observation that the udders of those sows 
receiving the ergot underwent almost no 
visible changes during the pregnancy pe- 
riod. It is probable also that the anti- 
galactogenetic action of ergot is effective 
only if administered continually during the 
latter stages of pregnancy. This is evi- 
denced by the fact that 3 sows (141, 132, 
and 177), which received ergot during the 
early part of pregnancy but changed to 
ergot-free rations several days before far- 
rowing, proved to have functional mam- 
mary glands. Sow 141, receiving the ergot- 
free ration for only eleven days before 
farrowing, possessed functional mammary 
glands. This was demonstrated by hand 
milking. Evidently, the antigalactogogue 
is quite rapidly eliminated from the body 
and the mammary glands soon undergo 
growth. 

Agalactia, however, does not appear to 
be the sole cause of the high rate of pig 
mortality observed in the first twenty-four 
hours. It seems that a more immediate 
cause is the low vitality of the pigs them- 
selves. Although no cases of typical abor- 
tion were observed, the gestation periods 
were significantly shorter in the ergotized 
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sows. This, undoubtedly, tended to de- 
crease in some measure the size and vital- 
ity of the pigs at birth. On the average, 
however, the gestation period for 6 ergot- 
fed sows was 107 days, which is only six 
or seven days less than expected. It does 
not seem likely that this is the main cause 
of the low vitality. One of the sows, 44, 
which was fed 0.5 per cent ergot during 
the last eighty-seven days of pregnancy, 
farrowed 110 days after breeding, but only 
4 out of 10 pigs were born alive, weighing 
little more than a pound each and living 
but a short time. 

Somewhat different results were obtained 
from the ergot-fed rats. Those receiving 
the ergot during the early stages of preg- 
nancy apparently resorbed their young. 
That they were actually pregnant was veri- 
fied by palpation. Since rats do not ordij- 
narily abort but instead resorb the fetuses, 
this might be considered a typical effect of 
ergotism. However, 2 females which re- 
ceived the control diet for twelve days and 
then changed to the ergot rations produced 
live young, which indicates that the period 
in which rats are able to resorb their young 
had passed. Also, these females produced 
some milk since it was possible to observe 
through the skin of the young small, 
whitish, milklike masses in the stomachs. 
Therefore, the mammary glands of the fe- 
males must have been functioning. How- 
ever, they were unable to raise their young 
and the conclusion follows that there was 
insufficient nourishment. 


The answer for the negative results ob- 
tained with the guinea pigs would be some- 
what speculative. The relative amounts of 
ergot eaten were much less than in the case 
f the rats or swine, since guinea pigs are 
ible to subsist largely on roughage which 
was fed to them ad libitum. It is possible 
iso that guinea pigs may react differently 
o ergot than the other species. It is known 
hat almost complete mammary gland de- 
‘elopment is possible in the guinea pig 
through action of the estrogen hormones 
alone. In the sow, however, progestin in 
ddition to estrogen is required. One might, 
herefore, postulate that this ergot con- 


tains a substance which inhibits the nor- 
mal action of progestin during pregnancy. 

The effect of ergot on gains during preg- 
nancy appears somewhat at variance in 
pigs and rats. After the sows became ac- 
customed to ergot feed, they appeared to 
gain in weight quite normally and most of 
them were in good condition at farrowing 
time. In contrast, the rats appeared to 
lose weight. This may have been due to 
the ergot rations being more unpalatable 
to the rats. Those receiving the 3.0 per 
cent ergot wasted a considerable portion 
of their feed. Referring again to the re- 
sults in the graph, it will be observed that 
lots II and IV, after the fifteenth day on 
the 1.0 per cent and “cleaned” barley ra- 
tions, respectively, gained in weight. There- 
fore, it seems likely that they were taking 
more of the feed after becoming accus- 
tomed to it. This is similar to what was 
observed in swine. 


SUMMARY 


The effect of barley ergot on reproduc- 
tive performance was tested on pregnant 
sows, female rats, and female guinea pigs. 
Nine sows fed 0.5 or 1.0 per cent barley 
ergot farrowed 83 pigs averaging 1.8 Ib. 
at birth. Of these, 38 were born alive but 
died shortly after birth. These sows showed 
almost complete lack of udder development 
and no evidence of milk secretion was ob- 
served. Twelve control sows on regular 
feed produced 106 pigs averaging 2.9 lb. 
at birth, and of these only 3 were born 
dead. All these sows showed normal udder 
development and milk secretion. Sixty pigs 
were alive at 21 days of age. Three sows, 
fed ergot in varying concentrations during 
the early part of pregnancy but changed to 
regular feed from eleven to forty-five days 
previous to farrowing, showed definite 
udder development and milk secretion at 
farrowing time. 

Twelve female rats were divided into 4 
groups of 3 each and fed varying concen- 
trations of barley ergot during pregnancy. 
No young were produced by any of those 
fed ergot during the first twelve days or 
more on the experiment. Rat 24 fed the 
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control ration for the first twelve days fol- 
lowed by a 1.0 per cent ergot ration pro- 
duced nine young averaging 6.7 Gm. at 
birth but which lived only seven days. Rat 
25 on the control ration for twelve days 
followed by a 3.0 per cent ergot ration pro- 
duced 8 young averaging 3.5 Gm. each 
which lived only three days. Rat 60, on 
the control ration throughout, produced 8 
young which averaged 6.3 Gm. each at 
birth and developed normally. 


Twenty bred female guinea pigs were 
fed varying concentrations of barley and 
rye ergot. In general, the results with this 
species were negative. Fifteen normal 
litters were produced. 
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Saccharomycopsis Guttulatus 


l. Pathogenicity for Young Rabbits 


T. J. HAGE, D.V.M. 
Los Angeles, California 


ON FEB. 1, 1944, 2 rabbits, 10 weeks old, 
were presented at the laboratory of the 
Los Angeles County Live Stock Department 
for examination. They had grown or gained 
very little since they were 4 weeks old. 
They were dull and listless; their coats 
were rough, but their appetites were ap- 
parently normal. There was a history of 


we decided to determine its pathogenicity 
on oral administration. 

The remaining rabbit which was brought 
to the laboratory was used as a source of 
spores for the experiment. The feces were 
well mixed with water and then filtered 
through gauze. To the filtrate was added 
an equal portion of simple syrup and the 


TABLE I—Food Consumption in Grams 


NEXT 
9-DAY 
PERIOD 


FIRST 
8-DAY 
PERIOD 


TOTAL 


NEXT TOTAL 
11-DAY FOR 
PERIOD 28 DAYS 


NEXT TOTAL 
10-DAY FOR 
PERIOD 38 DAYS 


1109.43 
27 


123.2 


RABBIT 1 (Control) 
\verage Daily Consumption. 


940.34 


5 
117.542 0 


1360.45 


1134.43 
126.04 


RABBIT 2 . 
Average Daily Consumption. 


984.26 
123.03 


800.56 954.38 


Average Daily Consumption. 100.07 106.04 


1440.18 
160.02 


RABBIT 4 
\verage Daily Consumption. 


1040.23 
130.02 


1170.38 
130.04 


RABBIT 5 


\verage Daily Consumption. 


several litters having been affected the 
Same way. 

One of the rabbits was sacrificed and ex- 
amined post mortem. The post mortem ex- 
amination revealed a slight inflammation 
of the small intestine, fatty degeneration 
and petechiae in the kidneys, and slight 
fatty degeneration of the liver and heart 
muscle. The intestinal contents, examined 
for parasites, revealed a large number of 
spores of Saccharomycopsis guttulatus. 

The only reference to this fungus that 
we found in the literature stated that it 
fermented glucose, and was pathogenic for 
rabbits and guinea pigs on subcutaneous 
and intraperitoneal injection. Therefore, 


Deputy Live Stock Inspector of County of Los 
ge'es, Los Angeles, Calif. 


mixture centrifuged at 1,500 revolutions 
per minute for three minutes. The super- 
natant fluid was poured off and the remain- 
ing material was washed three or four 
times in physiologic saline solution. This 
resulted in a fairly heavy suspension of the 
spores. The vegetative form was obtained 
by inoculating dextrose broth with the 
spores, incubating for forty-eight hours, 
and then centrifuging at high speed for 
ten minutes. The supernatant fluid was 
discarded and the sediment was suspended 
in a small amount of sterile, 0.85 per cent 
saline solution. 

The experiment was set up as follows: 
We obtained five rabbits, 4 weeks old, from 
1 litter. They were numbered 1, 2, 3, 4, 
and 5 and will be referred to as such in 
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| 
| 
FOR 
17 Days 
™ 1326.329 33761 4736.55 
120.575 120.575 120.575 136.045 124.64 : 
2118.69 1273.86 3392.55 
124.62 115.805 121.16 
RAMMING 1222.692  2977.632 807.75 3785.382 
ee 103.23 111.153 106.344 80.775 99.615 
2480.41 2342.31 4822.72 464.20 5286.92 
880. 2050.38 2005.14 4055.52 627.40 4682.92 
en 86110. 120.61 182.28 144.84 62.74 123.23 
ig 
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TABLE 2—Water Consumption in Cubic Centimeters 


FIRST NEXT TOTAL NEXT TOTAL NEXT TOTAL 
8-DAY 9-DAY FOR 11-DAY FOR 10-DAY F¢ 
PERIOD PERIOD 17 DAYS PERIOD 28 DAYS PERIOD 38 Days 
1840 2106 3946 2616 6562 2110 8672 
Average Consumption ............ 230 234 232.117 237.81 234.35 211 228.21 
Average Consumption ............ 212 222 217.29 209.09 214.07 
Average Consumption ............ 150 164 157.41 169.09 162 146 157.78 
Average Consumption ............ 220 280 251.76 366.909 297 179 265.94 
Average Consumption ..........-. 223 251 237.82 358.81 285 167 253.94 


this discussion. Fecal samples from all 
were examined and we found they were 
parasitized about equally with the follow- 
ing: Eimeria media, Eimeria magna, Eime- 
ria perforans, Eimeria irresidua, and pin 
worms. This infestation was very light 
and not unusual, as these species are found 
frequently in apparently healthy rabbits. 
No. 1 was used as the control. No. 2 and 
3 were inoculated with the spores of S. 
guttulatus and No. 4 and 5 with the vege- 
tative form. The 5 rabbits were fed com- 
mercial pellets during the experiment and 
all food and water consumed was weighed 
and measured. 

The experiment is divided into four pe- 
riods of a varying number of days. During 
the first period of eight days, the rabbits 
became accustomed to their new surround- 
ings and feed. During this time, No. 1 and 
No. 4 lost some weight (table 3), although 


they consumed about as much food as the 
rest. This was probably due to the fact 
that they were more nervous than the rest 
and did not adapt themselves to the change 
as readily. 

On the first day of the second period 
No. 2 and 3 were inoculated with spores 
and No. 4 and 5 were inoculated with the 
vegetative form. The rabbits were inocu- 
lated by feeding them suspensions with an 
eye dropper daily for the first ten days. 
After that they, received the suspensions 
in their food. Three days after this first 
inoculation S. guttulatus spores were noted 
in the droppings in greatly increasing 
numbers. 

On the first day of the third period No. 
2 was fed the vegetative form instead of 
the spores. The next day he refused food 
and showed symptoms indicative of mucoid 
enteritis, and died in the afternoon. On 


TABLE 3—Weight and Rate of Gain in Grams 


GAIN IN GAIN IN 
WT. AT LOSS IN GAIN IN GAIN IN NEXT 
4 WEEKS 8-DAY 9-DAY 11-DAY 10-Day FINAL TOTAL 
OF AGE PERIOD PERIOD PERIOD PERIOD WT. Gal 
RABBIT 1 (Control).... 1209.745 —25.405 641,10 191.71 246.80 2263.95 1054,205 
Average Daily Gain 2 
By Periods ...... eens Loss 71.23 17.43 24.68 27.742 
975.09 20.88 370.04 82.36 1283.65 308.56 
Average Daily Gain 
ee 2.61 41.11 Died 11.428 
1018.74 130.52 275.84 262.55 5.00 1692.65 673.91 
Average Daily Gain a 
952.75 —9.67 455.87 10.00 75.70 1484.65 §31.10 
Average Daily Gain 
By Periods ..cccaceces Loss 50.65 0.909 7.57 13.99 
RABBIT 5 ...... ssiceoeee 949.75 130.19 529.63 90.00 §2.12 1751.65 801.90 
Average Daily Gain >. 
ioe. rrr 16.27 58.85 8.18 §.212 21.102 
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autopsy he showed lesions of mucoid en- 
teritis including a slight nephritis. Large 
numbers of S. guttulatus spores were noted 
in the intestinal contents. At the end of 
this period, i.e., the twenty-eighth day of 
the experiment, No. 3 was fed the vege- 
tative form. 

During the last period No. 3, 4, and 5 
ate very little and on the thirty-eighth day 
all 3 were showing symptoms of mucoid 
enteritis and refused food entirely. No. 5 
died and the autopsy findings were the 
same as for No. 2, except that the nephritis 
was a little more marked. For the next 
twenty-four hours food and water were 
withheld from No. 3 and 4, and then they 
were fed only succulent green feed for the 
next week. They were gradually brought 
back to a regular diet and recovered fully. 

The droppings of the inoculated animals 
were noticeably less than from No. 1. When 
weighed daily from the beginning of the 


third period until the end of the experi- 
ment, they showed the following: 
No. 1 averaged 85.69 Gm. daily 
No. 3 averaged 39.42 Gm. daily 
No. 4 averaged 51.88 Gm. daily 
No. 5 averaged 55.07 Gm. daily 
This suggests that there was a partial 
stasis of the bowels resulting in a loading 
up of the intestines, which may have caused 
a loss of appetite. The fact that all four 
rabbits inoculated with S. guttulatus be- 
came ill with mucoid enteritis is suggestive 
that it may have a bearing on this disease. 


CONCLUSIONS 


Although this experiment was on a small 
scale and the data collected were very lim- 
ited, it suggests that Saccharomycopsis 
guttulatus will slow up the normal growth 
of rabbits and may also be a contributory 
factor in mucoid enteritis. Additional ex- 
periments are in progress. 
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Control of Leptospirosis in War Dogs 


MAJOR T. C. JONES, V.C., LIEUT. THOMAS O. ROBY, V.C., CAPT. C. L. DAVIS, 
V.C., and MAJOR FRED D. MAURER, V.C. 


Front Royal, Virginia 


THE CONTROL of canine leptospirosis is of 
importance in the war dog program since it 
is a severe disease of dogs to which man is 
also susceptible.“:?*} Two types of Lep- 
tospira are known to be present in the 
United States. One, Leptospira canicola, is 
most frequently encountered in dogs but is 
also responsible for canicola fever of man. 
The second organism, Leptospira ictero- 
hemorrhagiae, causes the more prevalent 
form of leptospirosis in man (Weil’s dis- 
ease). The strain is commonly harbored by 
wild rats, but dogs may become infected.* 

A leptospirosis control plan has been in 
operation at the War Dog Reception and 
Training Center, Front Royal, Va., since 
Dec. 1, 1942. The essential points of this 
plan were as follows: 


1) A blood sample was taken from each dog 
as soon as possible after its arrival at the sta- 
tion. A macroscopic agglutination test for 
leptospirosis was completed on the serum from 
each sample. The dog was then kept in a quar- 
antine area for at least two weeks. 

2) Each dog, reacting positively to the ag- 
glutination test, was destroyed. 

3) An autopsy, followed by laboratory 
study, was performed on each dog destroyed. 
The postmortem study included the following: 


a) observation of gross lesions, collec- 
tion of specimens, and preparation of an 
autopsy protocol. 

b) inoculation of Verwoort’s medium 
with a suspension of material including 
lesions, with especial attention to the kid- 
neys and urine. 

c) darkfield examination of kidney sus- 
pension used in b above and sediment 
from centrifuged urine. 

d) inoculation of laboratory animals 
with kidney suspensions and urinary sedi- 
ment. 

e) tissues taken at autopsy were fixed 
in 10 per cent formalin. Sections stained 


From the Veterinary Research Laboratory, Army 
Remount Depot, Front Royal, Va. (Jones, Maurer, 
and Roby) and the Army Institute of Pathology, 
Army Medical Museum, Washington, D. C, (Davis). 


with hematoxylin and eosin were studied 

for miscroscopic lesions. Other sections 

were stained by silver impregnation and 
thoroughly examined for Leptospira. 

Especial attention was paid to the kidneys. 

4) Vigilance was exercised toward early 
recognition of clinical cases of leptospirosis. 
In every case in which a dog showed a syn- 
drome, suggestive of leptospirosis, agglutina- 
tion tests were performed. The symptoms com- 
monly encountered in acute leptospirosis were: 
jaundice, subcutaneous or gastroenteric hemor- 
rhages, acute prostration, fever or acute 
nephritis. All dogs with clinical symptoms of 
leptospirosis, confirmed by laboratory examina- 
tion, were immediately sacrificed and _ post- 
mortem examinations were performed. 

This report covers the results of the opera- 
tion of the control plan outlined above for the 
period Dec. 1, 1942, to April 15, 1944, with 
especial emphasis on laboratory procedures for 
the detection of clinical cases of leptospirosis 
and shedders of Leptospira. The elimination 
of shedders is considered to be especially im- 
portant to the control of canine leptospirosis 
under military conditions. Autopsy findings in 
dogs which react to the agglutination test but 
show no symptoms are also of interest. 


INTERPRETATION OF THE 
AGGLUTINATION TEST 


The rapid plate agglutination test, using 
as antigen a heavy suspension of killed 
Leptospira stained with gentian violet*, 
was used throughout this study. This test 
is easily and quickly performed and our ex- 
perience indicates that it is very specific. 
The microscopic agglutination and agglu- 
tination-lysis test is much more sensitive 
than the rapid test, but in this survey, its 
increased sensitivity was considered a dis- 
advantage. 

The detection of apparently normal ani- 
mals which are shedding Leptospira in 
their urine is of immense practical im- 
portance. Considerable effort was made to 


*Antigen was procured from Lederle Laboratories 
Pearl River, New York. 
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assemble data upon the relation of the ag- 
glutination titer of the serum to the pres- 
ence of living Leptospira in the kidneys or 
other organs. 

Serums causing 50 per cent (two plus) 
agglutination in the 1:100 or higher 
dilutions were considered positive. Three 
plus or more agglutination in the 1:10 
dilution only was considered suspicious and 
a retest made. If no increase in titer 
occurred in the retest, the report was nega- 
tive. Lesions have been found and Lepto- 
spira has been recovered in culture or dem- 
onstrated in tissue sections from several 
animals considered positive by these cri- 
teria. Evidence of infection was found in 
nearly all of the dogs brought to autopsy, a 
point which will be discussed in detail later. 

It must be emphasized that the agglu- 
tination test was usually the sole criterion 
for the antemortem diagnosis of leptospiral 
infection. Most of the dogs considered in 
this study were not active clinical cases of 
leptospirosis. However, a few acute clinical 
cases of the disease were encountered. 

In animals showing symptoms which 
suggest leptospirosis, a positive report was 
rendered when the agglutination occurred 
in the serum dilution of 1 : 100 or higher. 


¢. 


If there was no significant titer at the out- 
set, a second test was performed, usually 
after three or more days. If an increase in 
titer (usually tenfold) was found, the case 
was considered positive. It must be borne 
in mind that in many acute cases, death 
may intervene before agglutinins are 
demonstrable. These cases can be confirmed 
only by postmortem examination. 


RESULTS OF THE AGGLUTINATION TESTS 


A total of 4,368 dogs were tested one or 
more times. Of this number, 58 (1.33%) 
were reported positive. Low titer reactions 
were encountered in 136 dogs (3.11% of 
the total). Figure 1 illustrates the states 
from which the dogs covered by this study 
were received. Although some of these dogs 
had been in the military service at other 
stations prior to their arrival at Front 
Royal, most of the infections are presumed 
to have been acquired prior to their accept- 
ance by the Army. In all cases, the tests 
were made shortly after the dogs arrived. 
In figure 1, the numerator in the outline of 
each state on the map indicates the number 
of dogs tested from that state. The denom- 
inator indicates the percentage which was 
reported positive to the agglutination test. 


Washington, D.C. tox 


Unknown 


Total 


Fig. I—Origin of dogs tested for leptospirosis. The numerator indicates the number of dogs received 
from each state; the denominator the percentage of positive reactors. 
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Of interest is the distribution, by states, 
of the low titer reactions (not shown in fig. 
1). The distribution of these reactions fol- 
lowed the pattern of positive cases very 
closely. In no instance were positive reac- 
tions received from a state which did not 
also yield suspicious reactors. In each state, 
the number of suspicious reactions was the 


reactions. These workers also reported 
serologic tests on 111 dog serums collected 
in the vicinity of New York City. Of these 
serums, 10 (9%) agglutinated L. cani- 
cola and 3 (2.7%) reacted with L. ictero- 
hemorrhagiae. Coffin and Stubbs’ reported 
reactions to the microscopic agglutination- 
lysis test in 19.04 per cent of 105 dog ser. 


Fig. 2—Kidney, dog which reacted positively to agglutination test for leptospirosis. 
Multiple grayish inflammatory foci in renal cortex. Army Medical Museum Negative 81800. 


greater. From four states, (Georgia, Ken- 
tucky, Ohio, South Carolina) 4 or fewer 
suspicious but no positive titers were en- 
countered. This correlated distribution of 
agglutination reactions, regardless of in- 
tensity, lends strength to the belief that the 
test specifically indicates infection at some 
time with Leptospira. Suspicious reactions 
were encountered in 136 dogs (3.11%) of 
the total number tested. The total number 
of both suspicious and positive reactors 
was 194 (4.44%). 

Surveys of the incidence of canine lepto- 
spirosis in the United States have given 
rather variable estimates. Meyer, Ander- 
son, and Eddie* have reported positive ag- 
glutination reactions in 34.04 per cent of 
47 dogs in the vicinity of San Francisco, 
Calif. In another group of 28 dogs in Santa 
Rosa, Calif., only 14.3 per cent gave similar 


ums, collected at random in the vicinity of 
Philadelphia. Jungherr® reported an out- 
break in a kennel in Connecticut in which 
41 out of 42 young animals succumbed to 
the disease. Further evidence of the ex- 
istence of leptospirosis in man, dogs, and 
rodents in the United States was presented 
by Meyer and associates.® Raven’? reports 
the survey of a group of 105 dogs from 
rural areas near Philadelphia in which the 
incidence was 38 per cent. In a second 
group of 50 dogs collected in the city of 
Philadelphia, the incidence of agglutina- 
tion reactions was 28 per cent. A study by 
Greene'' revealed an incidence of 29 per 
cent in 368 dogs in southern California. 
It will be noted that some discrepancy 
exists between the references cited and the 
results of our survey. A higher incidence 
is indicated in this literature than in our 
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records. Several reasons exist for this dis- 
parity, the most obvious being the differ- 
ence in the agglutination test used. Al- 
though we have found no_ published 
comparison of the microscopic and macro- 
scopic agglutination tests in the case of 
L. canicola, it is generally agreed that the 
microscopic test is much more sensitive. In 


Age Incidence 


Female 


Total 


In this survey, only apparently normal 
dogs were considered (with a few excep- 


Fig. 3—Kidney, dog which reacted positively to agglutination test for leptospirosis. 
Grayish inflammatory zone near cortico-medullary junction and petechial hemorrhages 
in cortex. Army Medical Museum Negative 81801. 


the case of L. icterohemorrhagiae, Star- 
buck and Ward’? have demonstrated that a 
titer of 1:200 with the microscopic test is 
roughly equivalent to a titer of 1:10 with 
the plate test. It appears that a similar re- 
lationship exists in the case of L. canicola. 
The plate test, therefore, should not be ex- 
ected to detect agglutinins in very low 
iter. 

The age factor may also account for some 
ariation between the percentage of re- 
etors in our series and that reported by 
thers. From the records of other investi- 
ators, it appears that the incidence of 
sitive agglutinations is greater among 
older animals. In our series, all animals 
were comparatively young. The age and 
ex incidence in our positive group was as 
tollows: 


tions). In some of the previous studies, a 
large percentage of the dogs had been pre- 
sented at a veterinary hospital for treat- 
ment. It is also possible that enzodtic foci 
were encountered in some instances. Our 
studies point toward the existence of such 
foci. A regional distribution of the disease 
may also be a factor. None of our animals 
were received from the far western states 
(fig. 1) where the reports of Meyer and of 
Greene indicate the incidence is high. A 
survey of the war dogs procured in the 
western United States might reveal a higher 
incidence than we encountered. 

The relatively low incidence of infected 
dogs as revealed by the agglutination test 
and the small number of clinical cases en- 
countered indicate that canine leptospirosis 
is not as prevalent as was first feared. How- 
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ever, the disease does appear to have a 
wide distribution and vigilance must be 
exercised to keep it under control. The con- 
trol plan outlined in this paper appears to 
be effective. The destruction of dogs which 
react positively to the agglutination test 
has removed several potential sources of 
infection, since Leptospira was demon- 
strated in cultures or in tissue sections 
from several of them. The difficulties in 
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48 dogs were destroyed by electrocution 
because of positive reaction to the agglu- 
tination test. In all of these asymptomatic 
cases, except 4 of the 48, gross lesions were 
found which are believed to have been due 
to leptospiral infection. A constant finding 
in these cases was the characteristic kidney 
lesion. No significant lesions were noted in 
other organs with any regularity. 
Usually, the capsule of the affected kid- 


Fig. 4—Kidney of dog, x 165. Interstitial cellular infiltration of renal cortex. A few tubules have been 
displaced by inflammatory cells. Army Medical Museum Negative 81789. 


demonstrating the organisms possibly pre- 
vented their discovery in some cases in 
which they actually were present. 


AUTOPSY FINDINGS 


In this study, postmortem examinations 
were made on 51 dogs. Three of these ani- 
mals had shown symptoms of leptospirosis. 
Since the lesions of the acute disease have 
been adequately described by previous 
writers, notably Bloom,'* these 3 cases will 


not be considered further. The remaining 


ney was pale and closely adherent, with 
small areas of congestion in the subeap- 
sular zone. Often, the kidney was slightly 
atrophic and roughened on the surface. 
Usually, it was tough to cut. On cut sec- 
tion, the lesions varied from a few scat- 
tered white or gray foci to extensive in- 
filtration, principally in the cortex (fig. 
2, 3). In some cases, these white or gray 
masses of variable size were sharply de- 
marcated. In others, radial streaks of gray 
occupied the entire cortex. Zones of con- 
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gestion often were scattered through the 
inflammatory areas. These lesions appeared 
to be due to various stages of fibrosis but 
microscopic examination, to be described 
later, revealed that connective tissue growth 
was not a prominent part of the picture. 
More than half of the kidneys also con- 
tained isolated circumscribed hemorrhagic 
foci, measuring 1 to 4 mm. in diameter. In 
an occasional case, these small hemorrhagic 


were made to isolate Leptospira. The pro- 
cedures used for the demonstration of Lep- 
tospira were as follows: 

Eighteen hours prior to destruction of 
the animal, 2.5 to 5.0 Gm. of sodium bicar- 
bonate was given orally to alkalinize the 
urine. At autopsy, specimens of urine and 
the kidneys were collected with aseptic 
technique. The urine was then centrifuged 
and the sediment was suspended in nutrient 


Fig. 5—Kidney of dog, x700. Inflammatory exudate includes a few polymorphonuclear leucocytes as 
well as the predominant mononuclear cells. Army Medical Museum Negative 81296. 


sions were scattered throughout the par- 
chyma without visible leucocytic infiltra- 


(he kidney lesions seen in these reactors 
the agglutination test appear to be highly 
pecific. Postmortem examination of a large 
roup of dogs with negative titers did not 
eal similar gross kidney lesions. 
t was not possible to complete cultural 
lies in all of the autopsies due to other 
ssing duties. However, in 27 out of the 
dogs examined post mortem, attempts 


broth. Sections of the kidney lesions were 
ground in alundum in a tissue grinder and 
suspended in nutrient broth. These suspen- 
sions were used for serial animal passage 
and to inoculate mediums suitable for the 
growth of Leptospira. Young guinea pigs 
were used in 5 cases with negative results. 
In the remaining cases, hamsters about 3 
weeks old were used. Serial passage through 
at least 3 groups of animals was done in 
each instance. Verwoort’s medium was in- 
oculated with kidney and urine suspensions 


| 
| || 
2 
| 


126 


and incubated at 32 C. Darkfield examina- 
tion of each culture was done at the end of 
seven days incubation. Where Leptospira 
was not observed in the primary culture, 
transfers at seven-day intervals were made 
for two successive subcultures before a 
negative result was recorded. 

The results of animal passage of the 
urine and kidney material were negative. 
No deaths or lesions due to leptospiral in- 


Fig. 6—Renal cortex of dog, x500. 
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of cases, our interest was focused on the 
outwardly normal dogs with positive agglu- 
tination tests for leptospirosis. Of 48 such 
animals, tissues from 43 were examined 
microscopically. Since the kidneys were 
the only organs found to be consistently 
affected, the description of microscopic find- 
ings will be confined to the renal changes. 
In 3 cases, however, no microscopic lesions 
were found in the kidneys. 


Interstitial tissue invaded by lymphocytes, plasma cells, and 


monocytes. Hematoxylin and eosin stain. See figure 7. Army Medical Museum Negative 81791. 


fection were encountered in the laboratory 
animals. Cultural studies were more fruit- 
ful, however. Typical Leptospira was re- 
covered from 3 dogs out of 27. These 
strains were shown to be L. canicola by the 
titration of serum agglutinins of rabbits 
inoculated intraperitoneally with the or- 
ganisms. Leptospira were demonstrated in 
tissue sections in several other cases, a 
point which will be discussed later. 
MICROSCOPIC FINDINGS 

In the histopathologic study of this series 


The microscopic changes in the kidneys 
were those of the subacute form of inter- 
stitial nephritis. The interstitial tissue was 
infiltrated with lymphocytes, plasma cells, 
monocytes and, as a rule, few polynuclear 
cells. The cellular reaction was variable, 
either focal or diffuse, the latter occurring 
more often (fig. 4, 5, 6). Often, in the sec- 
tion stained with hematoxylin and eosin, 
the masses of leucocytes could be detected 
by the naked eye. These appeared dark 
blue and corresponded to the yellowish or 
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gray areas seen in the fresh specimen. Fre- 
quently, the larger inflammatory areas con- 
tained hemorrhagic centers. Most often, 
the cellular accumulations were seen in the 
midzonal and lower levels at the junction 
of the cortex and medulla. In some cases, 
the cellular infiltrations extended from the 
outermost portion of the cortex to the calyx. 
The inner zone of the medulla, when in- 
volved, showed small accumulations of in- 


scars, however, was small and comprised 
only a minor part of the histologic picture. 

In those areas in which the interstitial 
cellular infiltration was extensive, changes 
in the tubules and glomeruli were observed. 
Glomerular changes varied from thickening 
of the Bowman’s capsule to complete fibrous 
replacement of the glomerulus. Many 
tubules as well as glomeruli were complete- 
ly displaced by the interstitial exudate. 


Fig. 7—Renal cortex of dog, x850. Section from same kidney segn in figure 6, but stained by Warthin- 
Starry silver method. Tangled masses of Leptospira are present along the free border of a segment 
of one proximal convoluted tubule. Army Medical Museum Negative 81252. 


‘ammatory cells. In contrast to the ma- 
‘rity, polynuclear cells predominated in 
me of the inflammatory areas (fig. 5). In 

one such case, veins were involved in the 

inflammatory process, their walls being dif- 

!usely infiltrated with leucocytes. The cellu- 

‘ar infiltrate bulged into the lumen and 
condary thrombosis occurred. 

In some of the cases, there was scarring 

' the tissue, representing a later stage of 
e inflammatory process. The number of 


Outside of these areas, neither tubular nor 
vascular changes were observed. 

Silver stained sections of each kidney 
were carefully searched for forms of Lepto- 
spira. The organism was demonstrated in 
6 cases. In 4 of these cases, Leptospira 
were found only after prolonged search, 
whereas in 2 cases, no difficulty was expe- 
rienced in finding them. As a rule, the 
organisms were located in the tubules, 
either free in the lumen or accumulated in 
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tangled masses along the cell border (fig. 
7). It is of interest to note that no Lepto- 
spira was seen in the silver-stained sections 
of three kidneys from which L. canicola 
were isolated in culture. This underlines 
the difficulty of demonstrating the organ- 
isms by histologic methods. It is highly 
probable that the organisms were present 
in some of the kidneys examined but were 
not detected by the methods used. The areas 
containing the organisms may have been 
missed when the tissue was selected for 
sectioning. The same thing may have oc- 
curred when the material was selected for 
culture. It appears likely that this inter- 
stitial nephritis was the result of lepto- 
spirosis in most if not all of our cases. The 
occurrence of interstitial nephritis in the 
acute case also adds credulity to this 
hypothesis. 
SUMMARY 

A plan for the control of leptospirosis in 
war dogs is outlined. It is based upon the 
early detection of shedders and their prompt 
elimination. The plate agglutination test 
was used entirely. This experience indi- 
cates that the test is highly specific for 
leptospirosis. However, the plate test is 
not as sensitive as the microscopic agglu- 
tination and agglutination-lysis test. Se- 
rums causing 50 per cent agglutination in 
the 1:100 dilution (or higher) were con- 
sidered positive. Out of 4,368 dogs tested, 
58 (1.833%) were positive. Lower titer 
agglutinations were observed in 136 dogs 
(3.11%). Most of the dogs were assembled 
from the eastern part of the United States. 
Both sexes were represented, and most were 
under 4 years of age. , 

Autopsy examination of 48 dogs which 
reacted positively to the agglutination test 
but were outwardly normal, revealed char- 
acteristic kidney lesions. Interstitial in- 
filtrations, usually in the cortex, appeared 
as gray or yellowish foci in the gross speci- 
men and were seen microscopically to con- 
sist of intense leucocytic invasion. These 
cellular masses were made up of lympho- 
cytes, plasma cells, monocytes, and less 
commonly, polymorphonuclear leucocytes. 
Primarily, they were interstitial, but dis- 
placement of tubules and glomeruli also oc- 


curred. Scattered pinpoint hemorrhages 
were also commonly seen. 
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